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INTRODUCTION 


OBJECTIVES 

The study was designed to sample foliage insects 
in a series of natural communities and to obtain 
results of ecological significance from the samples. 
For the first aspect of the problem the Smokies are 
perhaps ideal, with their variety of undisturbed 
communities. The second aspect was a far more per- 
plexing one. It is difficult to sample insect com- 
munities, difficult even to obtain valid samples for 
comparison, and difficult to treat the data effectively. 
Because of the necessity, common to ecological prob- 
lems, of circumscribing the objectives within man- 
ageable limits, the work was focused on one fraction 
of the community it was considered practical to 
treat—the arthropods on the foliage of and in the 
air around the herb, shrub, and low-tree strata, those 
organisms which ean be collected with a sweep-net 
in the levels between the ground and the forest 
canopy, if any. Faunal listing for the communities, 
tracing of changes in them through time, and anal- 
ysis of interactions between species could not well 
be attempted. The project was aimed not at detailed 
dissection and description of individual communities 
but at comparison of communities by population 
Ievels of species and other groupings. 

Given the samples, it was hoped to approach the 
problem of community organization in space, both 
by tracing species distributions through communities 
and by comparing the samples, and to determine how 
foliage insect communities express their environ- 


PAGE 

MOUeINEGy Sa Sneath Ges tke bata weeet 22 
FOOG-NGHIt PNOPOTIOHE. 6. <5. .s oes shen 24 
PUVORRIDY ooiciioe oS c.csce eatin es eieewne 25 
Fohage: Tnsceet Productivity... « .. o2<.s.02 ss ons oes 26 
OBC NN 5 2 sors esa ce aes bis aie: draws vaio seiabe eter Renters 29 
SAMPLING STATIONS AND COMMUNITIES ............ 31 
EARNS OT (GROOVE a sioishsttcsl a sneksiore cosas vacant 31 
The Cove’ Werast Grouping ao o¥e:<ie:6.s.cs.4/ keele cecess 32 
POEL VATS: SOMONE oy 2)51 5ie:5:0 Sino azote amie aon lale ee asae ete 35 
Intermedinte.. OOM MOPente:.. ccc cscs ck ss icaes 37 
Pine Forests and Pine Heaths................. 38 
GROMER a citiniig wtgiid dole alonesroce7aowiesehakay oiafaliue ideals. bi onaz ote Ot 39 
POO MIEN ia Seca loseie Si etinrs ora ecwiare-alts & aye cule alaconeeiace (oem eons 41 
DORR OUR CIs kN oo eR iew oats Sets ee 42 


ments in such characteristics as density or produc- 
tivity, taxonomic composition and evolutionary level, 
diversity, and food-habit proportions. The study 
was thus approached as an experiment in compara- 
tive synecology, treating a series of foliage insect 
communities. 
DESCRIPTION OF AREA 

Few areas in the eastern United States are so 
favorable for study of natural communities as the 
Great Smoky Mountains. The establishment of 
Great Smoky Mountains National Park, beginning 
with its authorization in 1926, has protected much 
of the range from exploitation and disturbance. The 
lower valleys had been settled for many years before 
the time of the Park by the Appalachian mountain 
people, who cultivated the floors and lower slopes of 
the valleys, culled some of the more desirable timber 
species from forest stands, and herded their stock 
up to the grassy balds of high elevations. Some of the 
forests, especially those on the southeast slope, have 
been commercially logged; and fires, caused by man 
and by the frequent summer thunderstorms, have 
swept many of the drier slopes of the mountains. 
Death of the chestnuts, perhaps the most important 
single forest tree of the mountains, has altered the 
structure and appearance of many stands. In spite 
of such disturbance as has oceurred, however, large 
areas of undisturbed vegetation have been preserved, 
especially above the lower elevations. It is possible 
to find suitable stands on all conditions of site and 
exposure and to follow the changes in communities 


* Contribution from the Departments of Zoology of the University of Illinois and Washington State College. 
+t This study completed November 1950, before joining General Electric Co. 
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along continuous gradients on the slopes. The vari- 
ety in vegetation and extensive undisturbed stands 
make it possible to get much more satisfactory data 
for quantitative analysis than in some less varied 
and more heavily settled areas. 

The mountains themselves are part of the Blue 
Ridge Province (Fenneman 1938), the two major 
ranges of which, the Blue Ridge itself and the Unak: 
Mountains, lie parallel, oriented northeast-southwest, 
and are connected by an intermediate area of lower 
mountains and valleys. The Great Smoky Moun- 
tains are the highest and most rugged of the north- 
ern range, the Unakas, and rise above the Great 
Valley of Tennessee southeast of Knoxville. The 
rocks from which the Smokies are cut are meta- 
sedimentary of Cambrian or late Pre-Cambrian age 
(Keith 1902, Stose 1949, King 1949), complexly 
folded and without great differences in hardness. 
Parent materials of soils in the range are fairly 
uniform, except for the limestones occurring in some 
of the coves or valleys at low elevations. Stream 
erosion of the resistant rocks has produced a range 
of high relief (from below 1500 feet msl. for the 
lower valleys to above 6500 feet for the higher 
peaks) but of physiographic maturity. The topog- 
raphy is rugged, with perhaps less than 10 percent 
of the surface having a slope less than 10 percent 
(Message from the President 1902) ; cliffs and sharp 
peaks are very few. Slopes, summits, and ridges are 
predominantly rounded, soil-covered, and forested; 
the mountains are “subdued” in appearance in spite 
of their high relief. Although three cycles of erosion 
are believed to have oeeurred (Wright 1931), the 
earlier peneplanes are searcely in evidence in the 
Smokies. With other high Southern Appalachian 
summits they persisted as monadnocks through the 
earlier cycles; the Smokies have existed as moun- 
tains for perhaps sixty million years and supported 
forests since the early Tertiary (Cain et al 1937, 
Cain 1943). 

Because of the age and maturity of the mountains, 
their vegetational cover is nearly continuous. A few 
peaks and some of the higher, sharp-crested ridges 
are exceptional in having exposed rock surfaces and 
successional vegetation. But most of the vegetation 
which has not been recently disturbed is climax— 
stable and mature for its site. These climax stands 
include a variety of types corresponding to the 
great variation in environmental conditions from 
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deep valleys and ravines to dry southwest slopes 
and from low-elevation valleys to high summits. 
Following a low-elevation slope from a ravine out 
and around to a dry southwest exposure one may 
pass along the gradient through mixed mesophytie 
or cove forest, oak-hickory, oak-chestnut, and pine 
forests successively. Four of the major forest group- 
ings of the eastern United States are thus repre- 
sented, along with the spruce-fir forests and gray 
beech forests of high elevations, the hemlock forests, 
and the heath balds and grassy balds. The variety 
of vegetation in the Smokies is perhaps as great as 
that of any comparable area of mountains in the 
United States. Along with variety of environment, 
antiquity is an important cause of richness in biota 
and a high degree of endemism for the eastern states. 
The central relation of the Southern Appalachians 
to the eastern forests as historical refuges and centers 
of existing distributions was early reeognized 
(Adams 1902) and has been carefully developed by 
Braun (1935a, 1938, 1941, 1947, 1950). 

General descriptions of the climate are given by 
Henry (1902), Ward (1925), and Kendrew (1937). 
High rainfall is one aspect of the favorable environ- 
ment. Precipitation is 50 to 60 inches in the lower 
valleys (Gatlinburg, Elkmont, and Marysville ree- 
ords), increasing with elevation to over 80 inches, the 
highest in the United States outside the Northwest 
Coast. The seasonal distribution of precipitation is 
distinctive, with one maximum in winter or early 
spring, a second in late summer. A wide range in 
temperature conditions corresponds to the range of 
elevation and the change in flora and fauna from 
austral or southeastern at low elevations to subalpine 
or Canadian at high elevations. Seasonal change in 
precipitation, change with elevation from a low val- 
ley to a high summit, and the relation of the vear of 
collection to the average are indicated in Table 1. 

During the summer of 1947 a group of ecologists 
under the direction of Dr. S. C. Kendeigh began a 
series of ecological studies in the area. Four proj- 
ects dealing with various fractions of the animal 
communities were started or completed, including the 
present one on foliage insects; a vegetation analysis 
to serve as background for the series was undertaken 
by this author (Whittaker 1948, 1951). The foliage 
insect samples were taken between June 11 and July 
21, 1947. All but three sampling stations were inside 
the limits of Great Smoky Mountains National Park, 


TABLE 1. Mean monthly precipitation for period 1936 through 1949 and for 1947 at two stations in the Great 
Smoky Mountains. (Headquarters near Gatlinburg, 1469 ft. elev., and Clingmans Dome summit, 6643 ft. elev.) 





Jan. | Feb. | Mar. ; Apr. | May 
Headquarters | Mean. | 5.08 | 4.90 | 5.28 | 4.03 | 3.98 
ee 10.67 | 4.26 | 4.32 | 1.62 | 3.45 
| 
| | | 
Clingmans Mean... 9.66 | 8.08 | 7.85 | 6.48 | 6.06 
Dome 
| 


Seen 17.19 | 4.83 | 4.41 


| 3.44 | 6.76 


Jun. | Jul. | Aug. | Sep. | Cet. | Nov. | Dec. | Annual 


4.68 | 7.15 | 5.88 | 2.93 | 3.10 | 3.08 | 4.23 54.32 


3.13 | 5.59 | 8.31 | 3.32 | 2.60 | 3.85 | 2.53 53.65 


6.09 | 9.04 | 9.03 | 5.02 | 4.88 | 5.26 | 7.16 | 85.00 


6.72 | 5.30 {12.76 | 4.21 | 5.67 | 6.70 | 4.31 82.30 
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Fig. 1. 
Modified from King and Stupka (1950). 


near Gatlinburg, in the mountains around Green- 
brier Cove, Cherokee Orchard, and Clingmans Dome 
(Fig. 1). Two stations (low-elevation pine and 
oak-hickory) were shortly outside the Park bound- 
ary near Gatlinburg, and one supplementary station 
was in mixed mesophytie forest, Kentucky Ridge 
State Forest, Kentucky. 
LITERATURE ON AREA 

Sources of information on the vegetation of the 
Smokies are Cain et al (1937), Whittaker (1948, 
1951) and Braun (1950). A good recent introduction 
to the geology and natural history of the range is 
King and Stupka (1950). Seasonal changes in the 
mountains are described by Stupka (1943). Papers 
of interest on the vegetation of the Southern Appa- 
lachians are Braun (1935b, 1940, 1942, 1950); 
Brown (1941); Davis (1930); Core (1929); Holmes 
(1911); Frothingham et al (1926); and the series 
of papers by S. A. Cain on the Smokies (Cain 1930a, 
1930b, 1931, 1935, 1943, 1945; Cain & Sharp 1938). 
Many papers have treated the animal life in one 
way or another, and a few of special interest are 
those on Mollusea by Pilsbry (1900), crane-flies 
by Alexander (1940), crayfish by Ortmann (1931), 
ants by Cole (1940), mayflies by Traver (1932), 
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caddis-flies by Carpenter (1933), and stoneflies by 
Frison (1942). The herpetology of the region has 
been studied by Hassler (1929), Weller (1930), 
McClure (1931), Necker (1934), and King (1939). 
A recent paper of particular interest is Hairston’s 
(1949) on salamanders, in which techniques of gradi- 
ent analysis are applied to this group. Information 
may be found on birds in Wetmore (1939) and 
Stevenson & Stupka (1948), and on mammals in 
Komarek & Komarek (1938) and Kellogg (1939). 
Streams in the Smokies were surveyed by Barrows 
et al (1935). The series of theses done on the area 
include Whittaker (1948) on vegetation, Hanson 
(1948) on millipedes, Fawver (1950) on birds, and 
Wetzel (1949) on small mammals. Additional ref- 
erences are given in the bibliographies of Mason & 
Avery (1931), and Shoup (1939). 
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A. J. Sharp and R. E. Shanks checked the plant jectivity in sampling, as force of the sweeps, their 


determinations. The help of many entomologists with 
determinations have made completion of the study 
possible. Special thanks are due to Mr. Jean Laf- 
foon for his aid in sorting the large numbers of Dip- 
tera and the determinations of Lauxaniidae, Tephri- 
tidae, Drosophilidae, and Culicidae, to M. W. San- 
derson for similar help with the Coleoptera and 
determination of Chrysomelidae, Alleculidae, and 
Anobiidae, and other families, and to James Slater 
for sorting and determining Hemiptera. Many spe- 
cialists have contributed by the determination of par- 
ticular groups: C. P. Alexander, Tipuloidea; E. C. 
Becker, Elateridae; S. W. Bromley, Asilidae; A. C. 
Cole, Formicidae; D. M. DeLong, Cicadellidae; K. 
M. Fender, Cantharidae; C. L. Fluke, Syrphidae; 
Willis Gertsch, Arachnida; J. W. Green, Lampyridae 
and Lycidae; A. B. Gurney, Orthoptera; D. E. 
Hardy, Dorilaidae and Rhagionidae; F. C. Harms- 
ton, Dolichopodidae; H. C. Huckett, Muscidae; M. T. 
James, Stratiomyidae; E. G. Linsley, Cerambycidae; 
A. L. Melander, Empididae; Z. P. Metealf, Ful- 
goroidea; C. T. Parsons, Nitidulidae and Lagriidae; 
Eugene Ray, Mordellidae; H. J. Reinhard, Lar- 
vaevoridae; G. T. Riegel, Braconidae; H. H. Ross, 
Mecoptera, Plecoptera, Trichoptera, Tenthredinidae, 
and Cicadellidae; L. M. Russell, Psyllidae; C. W. 
Sabrosky, Chloropidae and other Diptera; K. M. 
Sommerman, Psocidae and Caeciliidae; L. J. Stan- 
nard, Thysanoptera; W. C. Stehr, Coccinellidae and 
Carabidae; Alan Stone, Simuliidae; Henry Townes, 
Ichneumonidae; and L. H. Weld, Cynipoidea. 
Assistance with the immensely tedious task of 
handling specimens, recording, compiling, and ana- 
lyzing data, was provided by funds from the Zoology 
Department, University of Illinois, the Washington 
State College Committee on Research, and the funds 
for biological and medical research of the State of 
Washington Initiative Measure No. 171. 


PROCEDURE 


METHODS 

The only feasible means of sampling found was 
the sweep-net, much as this leaves to be desired. 
The method is one developed by Shelford and his 
students (Weese 1924, Smith 1928, Shelford 1929 
and 1951, Shackleford 1929), in which 48 or 50 
successive sweeps, usually synchronized with the pace 
of the collector, are taken with a standard American- 
type net (diameter 13 inches, handle length 30 
inches). The fifty sweeps, with the are of each 4 
feet, are usually regarded as giving a population 
approximation for one square-meter area. The equiv- 
alent need not be assumed for this study; since only 
foliage sweep-samples are being dealt with, it is a 
question, not of area, but of comparing 50 sweeps 
in one community with 50 sweeps in another. Appli- 
cations of the sweep-sampling method and results 
which have emerged from its use are reviewed by 
Carpenter (1936). 

The method has been criticized for its very evident 
limitations. There is a considerable element of sub- 


length, and distance from the ground vary from one 
collector to another (Zubareva 1930). Environ- 
mental factors were found by Romney (1945) to af- 
fect the catch. Temperature increased his leafhopper 
catch by a factor of over 200 percent with an in- 
crease from 80 degrees to 105 degrees F. An increase 
of wind velocity of 4 mph. near the ground de- 
creased the catch by 30 to 50 percent. Time of day 
may thus be very important in controlling size of 
catch through change in temperature and wind 
velocity, and probably also factors of light and hu- 
midity. It is evident also that the catch of a given 
species depends on its behavior and responsiveness, 
as well as on environmental factors affecting these. 
Even though a high correlation may be found be- 
tween cylinder and net samples (Romney 1945), 
some species are better able to evade the net or 
retain their hold on the foliage than others. Diffi- 
culties of the method have been summarized and 
doubts of its value expressed by DeLong (1932). The 
doubts have been supported by the statistical anal- 
ysis of Gray and Treloar (1933), who concluded 
from sampling a very uniform community, an al- 
falfa field, that numbers of sweeps would have to 
be of the order of 3,000 to over 25,000 to give re- 
sults accurate to within 10 percent of the mean 95 
percent of the time. Beall (1935) using single 
sweeps in a forest arrived at smaller values, of the 
order of 150 to 600 sweeps, to give samples accurate 
to within 5 percent of the mean for the two most 
common species; these more conservative results are 
based on samples comparable in size.to those of this 
study. 

A further difficulty of the method in the Smokies 
was the variety in structure of the communities be- 
ing sampled. Some indication of the problem may 
be indicated by the structure of two high-elevation 
types. In the spruce-fir forests the low herb stratum 
consists mainly of oxalis with the leaves appressed 
to moss covering the ground. In sampling, one can 
only scrape a narrow belt of oxalis and moss with 
the edge of the net. The high herb stratum is mainly 
of delicate ferns. If one sweeps slowly enough to 
avoid breaking many of the fronds, one may observe 
syrphids and other fast insects flying ahead of the 
net; if one sweeps fast and hard enough to eateh 
them, one has a net packed with ferns to be un- 
tangled, with the loss of many small insects. The 
low shrub stratum of mountain eranberry is well 
adapted to sweep sampling; but the main high-shrub 
species is hobblebush, with tough, flexible branches 
and leaves wide-spaced along the twigs. Striking 
and running alone one side of a branch with the net 
knocks some insects into the bag, probably more 
into mid air. In another vegetation type, the heath 
balds, the canopy is formed by a dense stratum of 
shrubs, which can be sampled by beating on their 
upper surfaces with the net. The herb stratum, how- 
ever, is down in an almost impenetrable thicket of 
the stems and branches. The appropriate method of 
sampling in such a situation is as yet unknown to 
science. 
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Since each stratum represents a special problem, 
with samples from different ones only roughly com- 
parable, since the catch varies with environmental 
conditions and is selective for different species, and 
since a very large number of sweeps are necessary 
under the best conditions for a good sample, the 
effectiveness of the whole method may be questioned. 
It is a problem which should be directly stated and 
kept in mind: the difficulties of sweep-net sampling 
are of such magnitude as to limit the value and 
validity of any study based on the technique. The 
question of whether, in the abstract, the method is 
valid is meaningless, however. It can only be asked 
whether the samples are valid for a particular species 
or group, or for a specific purpose. The question of 
validity can best be answered by making the study 
and observing what valid, consistent, and meaningful 
results do or do not emerge. The results of this 
study may give some reassurance of the value of the 
method for some purposes. 

An effort was made to improve the results of the 
method by restricting the problem to daytime, early 
summer foliage samples, and by sampling within 
these limits much more extensively than has been 
customary. Each stratum of each station was sampled 
on each visit by five sets of 50 sweeps, an increase 
bv a factor of 5 to 25 or 50 times over some pre- 
vious applications of the method. With three visits 
to the main stations. these were sampled by 2,250 
sweeps where herb, shrub, and low-tree strata could 
all be swept (or 1500 sweeps for stations D, L, L’, 
and G, where only two strata could be sampled, and 
750 for K with only one stratum). Three supple- 
mentary stations (A, C’, and H’) were sampled only 
once. The low tree stratum was sampled with sets 
of 50 sweeps in the foliage of lower branches and 
voung trees which could be reached with the net. 
The five sets were in each case preserved, sorted, and 
recorded separately in order to retain an internal 
breakdown in the samples giving an indication of 
statistical validity. The herb strata of three stations 
having dense heath undergrowth (C, D, and E) 
could not be sampled directly, and_ herb-stratum 
samples were taken along the trail through the com- 
munity. The results are not considered particularly 
representative of populations under the heath. 

The insects from each set of 50 sweeps were 
anresthetized, packed between layers of cloth, and 
sorted as soon as possible into layers of cellucotton 
*n metal pillboxes and vials of aleohol for preserva- 
tion. The minute wasps, flies, and mites of the 
communities were obtained by the close-woven cloth 
of the net and were preserved with the rest of the 
samples. The samples were later sorted by species, 
given accession numbers, and series mounted for 
determination. Sample sheets for each stratum and 
visit for each station, and species summaries with the 
numbers of each determined species in the samples 
from the various stations were the initial, basie tabu- 
lations of data. The whole collection and the total 
sample analyzed included 539 sets of 50 sweeps from 
13 main and 3 supplemental stations. 31,721 speci- 
mens in all, of which about three-fifths were pre- 
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served dry and two-fifths in alcohol, and about 10,000 
eventually mounted for determination. Samples 
ranging from 1,000 to 6,000 specimens were the 
basis of comparison of the main stations. 

The main sweep-samples were supplemented by 
cruising collections in order to obtain some larger 
forms—syrphids, asilids, pentatomids, ete.—fre- 
quently missed by the samples. A half-hour was 
devoted to this purpose at each station visit, so far 
as possible. Each station was revisited after the 
collection season for vegetational study, and at that 
time stand counts were made and quadrats ten me- 
ters square mapped to obtain coverage and composi- 
tion of each stratum. Light penetration measure- 
ments were made with a Weston illuminometer with 
25 readings, separated by one-pace intervals when 
possible, for each stratum compared with open sun- 
light. An effort was made to compare temperature 
and humidity fluctuations by paired hygrothermo- 
graphs in different vegetation types at the same ele- 
vation, but was abandoned when bears found one of 
the instruments and destroyed it. 

Two gadgets were devised for the study in an 
attempt to improve the samples. The inverted eylin- 
der method was not practical for many of the herb 
strata sampled; but a closing, sheet-metal box on 
the general plan of the Eckman dredge was pre- 
pared for this stratum. The box, with an opening 
one-tenth square meter in area, closed by 2 swinging, 
quarter-cylindrical doors, was designed to be placed 
over the herbage and sprung shut while supported by 
legs, with the doors closing just off the ground and 
cutting the stems of herbs with their sharp edges. 
The insects could then be anaesthetized in the box 
and removed with the herbs for counting. It was 
difficult, however, to get the doors to close tight on 
stems some of which were tough or woody, herbage 
close to the ground like the oxalis could not be 
sampled, and where undergrowth is quite sparse, 
practically no herbs or insects were obtained in most 
of the random samples. In its testing in the Smokies, 
the device was considered a failure. 

In seeking to improve shrub and low-tree samples, 
a large net (Fig. 2) was designed to fit over and 
enclose a branch or shrub. Nails were wielded onto 
the hoop obliquely at intervals around the rim, and 
the bag is suspended on these by brass rings sewed 
into the cloth. The net can thus be swung over a 
branch and immediately freed from the hoop as the 
rings slip off the nails, The bag ean be closed at 
once by the draw strings, anaesthetic poured through 
the fabric, and the branch shaken to dislodge insects. 
When the bag is removed, the insects may be shaken 
to the bottom and collected. The canvas bag itself, 
with a diameter of three feet and length of six feet, 
resembles an over-sized laundry bag, large enough to 
enclose a good-sized branch, or to serve as a one-man 
tent in a shower. Cumbersome as it is. with one of 
the hooks always pointed forward to catch on shrub- 
bery, it was not appropriate for the miles of trails 
and underbrush in the Smokies. It was tested, how- 
ever, and found to be quick, simple, and effective. 
It is felt that the big net can be recommended as an 
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Fig. 2. The big net. Side and front views. a=the 
forward edge of the bag (six feet long), b=the steel 
hoop (three feet in diameter), c=one of the hooks sup- 
porting the bag, d=the drawstring, and e=the handle 
(three feet long). 


improvement on or supplement to sweep-net sam- 
pling’ in vegetation to which it is suited. Used on 
branches of various sizes it gave catches equivalent 
to 12 to 25 sweeps. 

The main reliance for this study was on the sweep 
net, whatever its limitations. In the time available it 
was not possible to make any thorough and con- 
sistent use of supplements to the sweep sampling. 
There is a basic conflict between two of the needs of 
foliage insect sampling, between the need for ex- 
tensive sampling yielding samples sufficiently large 
to be statistically valid and representative, and the 
need for intensive sampling sufficiently detailed and 
exacting to get the insects actually present in a small 
unit area. If the sampling is extensive, it is selec- 
tive, with species not represented in their true pro- 
portions; if the sampling is intensive, there may not 
be time to sample enough small areas thoroughly 
for a sample of valid size. With this conflict and 
the other difficulties of insect sampling, it may be 
judged that the perfect population sample for these 
insect communities is a chimaera which need not 
be pursued. We can only suit the sampling to the 
problem, shifting the balance between extensive and 
intensive collecting according to time and objectives. 

The extensive samples of this study are considered 
large enough, at least, for valid comparison, all be- 
ing made on as nearly the same basis as_ possible. 
While imperfectly representative of the communi- 
ties sampled, they may still show the general manner 
in which foliage insects are distributed as an indica- 
tion of animal distribution in relation to communities 
and some ways in which the foliage-insect com- 
munity expresses its environment. If answers to the 
questions involved here can be obtained, we may 
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consider that sweep-sampling, which leaves much to 

be desired, may still give us much information on 
animal communities that is desirable. 
SAMPLING STATIONS 

Most of the samples were taken in the forests 
which form an almost continuous mantle over the 
Smokies. Only two vegetation types (apart from 
seral ones), the grassy balds and heath balds, have 
a reduced structure, the first being dominated by 
grasses and the second by ericaceous shrubs. In 
the vegetation analysis charts were prepared show- 
ing the relation of vegetation to topography for both 
forest systems encountered; Figs. 3 and 4 show the 
vegetation pattern and insect sampling stations (ex- 
cept A). It is a point of some importance for the 
later discussion that the types marked off in the 
charts were found to be completely continuous with 
one another, except for the balds and the lower 
boundaries of the gray beech and red spruce forests 
(Whittaker 1951). Various seral types to be en- 
countered in the Smokies are not included on the 
charts and were not sampled. 

Some of the data on the sampling stations may be 
summarized, with more detailed description deferred 
until the last section: 

Station A. Mixed mesophytie forest in the Cum- 
berlands, Kentucky Ridge State Forest, Ky., 1200’ 
elevation. Sampled once, June 11, and later replaced 
by N as a low-elevation mixed mesophytie stand. 

B. Cove forest (or mixed mesophytic) of middle 
elevation with a well-developed herb stratum and low 
shrub coverage, in a valley or cove of the Smokies 
at 3000’. Sampled June 13 and 24, July 20. 

C. Chestnut oak—chestnut heath, a stand with an 
open canopy of scattered large oaks and dead chest- 
nuts, a dense closed stratum of ericaceous shrubs, 
and few herbs, on a high open west slope, 3100’. 
Sampled June 14 and 25, July 12. 

C’. Chestnut oak—chestnut forest, a supplementary 
sample (July 21 only) in a stand with closed ean- 
opy, more open shrub stratum, and better herb de- 
velopment than C, on a gentle north slope at 2700’. 

D. Heath bald, on the summit of Brushy Moun- 
tain, 4900’, a shrub community with a heath layer 
similar to that of C, few herbs, and no trees. 
Sampled June 15 and 29, July 13. 

EK. Eastern hemlock forest, a stand heavily domi- 
nated by hemlock, with a Rhododendron under- 
growth and very sparse herb stratum, on a steep 
northeast slope at 4000’. Sampled June 15 and 29, 
July 13. 

F,. Virginia pine forest, a stand with an open 
canopy dominated by pines, well developed herb 
and ericaceous shrub strata, on a south slope at 
1500’. Sampled June 17 and 26, July 15. 

G. Red oak-pignut hickory forest, the north- 
slope alterne of the preceding, with poorly developed 
herb and shrub strata. Stand disturbed by cutting 
out of some large trees. Herb-low shrub and high 
shrub-low tree strata sampled June 17 and 26, July 
15. 

H. Red spruce—Fraser fir forest, the former domi- 
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Fig. 3. Vegetation pattern of the Eastern Forest 
System, with letters indicating position of foliage- 
insect sampling stations. 


nant in the canopy and the latter in the low-tree 
stratum, with a complex and highly developed under- 
growth, on a_ gentle northeast slope at 5900’. 
Sampled June 18 and 27, July 11. 

H’. Red spruce—Fraser fir forest, south-slope type, 
with a much denser canopy than the preceding and 
very sparse undergrowth, on a steep south slope at 
5600’. Supplementary sample, on July 11 only. 

J. Table mountain pine heath, an open stand of 
pines with a highly developed ericaceous shrub stra- 
tum and rather sparse herb stratum, on an open 
southwest slope at 3500’, sampled July 19, July 8 
and 19. 

K. Grassy bald, a community of grass and other 
herbs, and few shrubs, on the exposed summit of a 
high peak at 5600’. Herb stratum sweeps only on 
June 21, July 2 and 18. 

L. Gray beech forest, south-slope type with floor 
covered by sedges with other herbs, and practically 
no true shrubs, on the steep south slope below a 
saddle or gap at 5400’. Herb stratum and shrub- 
low tree stratum sampled June 23, July 2 and 18. 

L’. Gray beech forest, north-slope type with a 
rich herb stratum like that of the cove forests and 
well developed shrub stratum, on steep north slope 
on opposite side of ridge from preceding. Herb 
stratum and shrub-low tree stratum sampled June 
23, July 2 and 18, 

M. Upper cove forest, of mixed deciduous trees in 
a ravine at 4400’, with well developed shrub and 
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Fic. 4. Vegetation pattern of the Boreal Forest 
System, with letters indicating position of foliage- 
insect sampling stations. 


herb strata. Sampled June 28, July 12 and 21. 

N. Lower cove forest or mixed mesophytic, a 
highly mixed stand on a northwest slope at 1560’, 
with moderate herb and shrub coverage. Sampled 
June 28, July 8 and 16. 


RESULTS 
DISTRIBUTION OF SPECIES 

The first question which may be asked of the data 
is: How are the populations of foliage insects dis- 
tributed along gradients and in relation to plant 
communities? We may seek to determine what 
typical patterns of distribution are and whether 
species populations are organized into definite, dis- 
tinct, and bounded community units—associations, 
formations or biomes, or zones—in the sense of tra- 
ditional ecology. 

There are perhaps two ways the data may best be 
treated in an approach to this problem. First, the 
distributions of those species for which the data are 
most adequate, in general those represented by the 
largest numbers in the samples, may be studied, and 
their changes in population level along gradients 
and through communities followed. For this purpose 
we may arrange some of the stetions in series along 
gradients. In the cove forests, for example, we may 
form a series of N, B, M or E, and L or L’ with 
the stations separated by intervals of 1200 to 1500 
feet, from 1500 to 5400 feet elevation, in mesic for- 
ests of essentially similar moisture conditions. F, J, 
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TABLE 2. Occurrence of most common species in 
samples. Individuals caught in samples of 250 sweeps 
from each stratum of community, maximum number of 
individuals of the three sampling visits. 
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Hemiptera | | | 
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Orius insidiosus. . } 1) 1 15 1 4) 1) 1} 
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Coleoptera 
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Athous acantbus...... 3) 6) 4 : 1 9 6 3| 1 
Baliosus ruber. . ; ai] .. 2 : 1) 1 
Brachypterus urticae 2 1) 1 1} 1) 10) 55) 2). 
aly ere 1}..]...]..[27]18} 1] 1 Bi 
Isomira sp... . nS 22}..| 6|..) 7] | a}...|..|ed 
Limonius quercinus es .|. .{80}20)..|.. | eS |. . |. 
Luperodes cyanellus Lec. .1 11 5) 1 5 --.| 2 11) 1} 
Oedionychis subvittata 5 4) 2). §}..) 1 } 2) 2) 5) 3} 1) 
Pachybrachys tridens. . . . .-| 10}. ; 117 R 
Pidonia aurata............ 1|..| 75] 2 11 | 1] 3 
Xanthonia decemnotata 3/12) 4)...]..| 5) 6)..] ; d 7 
Chalepus dorsalis ; 4) 1 54]..| 1) 5] 4) 2) 2) 4) 3] 6) 2 
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and D form a series in xerie sites at 1500, 3500, and 
4900 feet; and N, G, and F form a series along the 
moisture gradient at 1500 feet. Second, the numbers 
of individuals of a species may be plotted on the 
vegetation chart and isorithms of population drawn 
to outline the distribution and indicate its pattern 
and agreement or lack of agreement with plant com- 
munities. One hundred and five of these charts (Fig. 
7) were drawn for species represented by useful 
data. In both methods the maximum population of 
the three samples was used, since there may be little 
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meaning in averaging a changing population through 
a short period; and numbers from the three strata 
were added together. 

When the stations were sampled, it was thought 
that each vegetation type was a distinct and valid 
community unit. But when insect populations, as 
their relative levels are indicated by the sweep 
samples, are followed along gradients it is at once 
apparent that the picture is not one of presence in 
one community and absence in another (Table 2).* 
Rather, the species occur in several communities with 
population level changing from one to another, and 
in general tapering along the gradients. When popu- 
lation curves are drawn for the series of stations 
mentioned (Figs. 5 and 6), some show a continuous 
curving taper through communities, others a_bell- 
shaped form tapering in each direction from the 
center. These curves appear to be of the binomial, 
Gaussian, or normal form which has been previously 
suggested for animal populations by Gause (1930 
and 1931) and is indicated also by the data of 
Pennak (1942). It is of interest to compare them 
with the curves for plant populations in the Smokies 

* Distributions of some representative species are given in 
this table; the full tabulations are too extended for publication. 
Data can be supplied to interested specialists; and a copy of 
the tables is available in the National Park Library, Gatlinburg. 
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Fig. 5. Species curves along gradients. 




















Above, distributions of five insect species along the eleva- 


tion gradient in xeric types: a=Kleidocerys resedae, Lygaeidae, 
x.5. b=Graphocephala coccinea, Cicadellidae. c=Balclutha sp., 
Cicadellidae. d=Hybos slossonae, Empididae. e=Chalepus dor- 
salis, Chrysomelidae. 

Below, distributions of four insect species along the moisture 
gradient at lower elevations: a=Caecilius sp., Caeciliidae. b 
=Graphoceyhala coccinea, Cicadellidae. c—=Xanthonia decem- 
notata, Chrysomelidae. d=Balclutha sp., Cicadellidae. 

Numbers in total samples of 250 sweeps from each stratum 
at maximum populations of the three samples, data from Table 
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Fig. 6. Species curves along gradients. 

Above, distributions of seven insect species along the ele- 
vation gradient in mesic types: a=Graphocephala coccinea, 
Cicadellidae. b=Caecilius sp., Caeciliidae. c=Agallioysis no- 
vella, Cicadellidae. d—=Polypsocus corruptus, Psocidae. e= 
Anaspis rufa, Mordellidae. f=Cicadella flavoscuta, Cicadellidae, 
x.5. g=Oncopsis sp., Cicadellidae. Data from Table 2. 

Below, distributions of four tree species along the eleva- 
tion gradient in mesic sites: a=eastern hemlock. b=silverbell. 
c=mountain maple. d=gray beech, x.5. 
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(Fig. 6), in which the binomial form was demon- 
strated with far more adequate evidence. So far as 
adequacy of the insect data is concerned, it may be 
said that the data appear consistent and meaningful, 
that the differences between the larger numbers are 
statistically significant, as indicated by the internal 
breakdown of the samples, and that the smaller num- 
bers which are not significant in comparison with 
one another may still serve to indicate the “tails” 
of the curves. 

Where a binomial curvature is found along one 
major gradient, another such curvature may often 
be followed for the species along a second gradient. 
When species populations are plotted against the 
two major gradients as axes, on the vegetation chart, 
the result is a figure which may be described as a 
binomial solid. The population figure may be visu- 
alized in three dimensions as a hill, marked off by 
contours of population level, any transection of 
which cuts a binominal curve. The mode or popula- 
tion center is represented by the peak, at that point 
of the gradients where the highest population ean be 
maintained; and there is a continuous, tapering de- 
crease along the gradients in all directions away 
from this center. Some of these population nomo- 
grams are presented as Fig. 7. 

The continuity and taper of these population 
curves and figures are not consistent with the con- 
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ception of communities as bounded units. A further 
approach to the question of community unity, how- 
ever, is possible through the study of the 105 nomo- 
erams. While the individual data on which the charts 
are based lack exact meaning, they may still give a 
good indication of how a species is distributed in 
terms of relative population levels. If associations 
consist of groups of species, most of which have the 
same distribution, such associations should be re- 
vealed by sorting out the charts of species having 
similar patterns. Eleven of the charts were set aside 
as being inadequate; and the remainder were sorted 
according to the location of their modes, the sta- 
tion where the maximum numbers occurred in the 
samples. 

Thirty-three species were centered in the Canadian 
or subalpine zone (above 4500 feet), in either of 
the two formations represented by the spruce-fir 
forests and gray beech forests. Al! but seven of 
the thirty-three occurred in both formations; fifteen 
extended outside the forests into the heath balds and 
nine into the grassy balds. Only four were restricted 
to subalpine zone elevations; the other twenty-nine 
extended into stations M or KE, seventeen of these 
down to station B at 3000 feet, and nine of these 
down to stations A and N at 1500 feet and less. 
Of eight species centered in the spruce-fir forests, 
the true Canadian zone, if such is to be recognized, 
all extended down into either M (deciduous), or E 
(coniferous, hemlock), or further. Four of the 
eight extended with higher populations into M, four 
into E, showing no preference for a coniferous can- 
opy which might be considered of the same forma- 
tion as the spruce-fir forests. 

Fourteen species are centered in the distinctive 
community of the heath balds, but eight of these 
also occur in the grassy balds, nine occurred in the 
high-elevation forests, while nine extended into lower 
xeric forests and four into lower mesic¢ forests. Of 
the fifteen species centcred in cove forests at middle 
elevations (M or B) ten extended down into low- 
elevation cove forests, three up into spruce-fir, eleven 
into hemlock, seven into oak-—chestnut stands, and 
two out into the pine heath. Of five species centered 
in oak-hickory one failed to extend into mixed 
mesophytie and one other failed to extend into pine 
forests. Of five species centered in the low-eleva- 
tion pine sample three extended into oak-—hickory, 
four up to the pine heath, and one through the pine 
heath to the heath bald. 

When a group of species are sorted out which 
are centered in the same station and extend the 
same distance along one of the gradients, it is found 
that they extend different distances along the other 
gradient. Of the results of the attempt to sort spe- 
cies into associations it may be simply observed that 
no two distribution patterns are alike and that it is 
not possible objectively to define associations, forma- 
tions, or zones with them. These results are in com- 
plete agreement with those obtained for plant popu- 
lations, using more satisfactory data for organisms 
which do not migrate (Whittaker 1951). The most 
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Fig. 7. Distribution charts for four species. 
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Distributional nomograms for a mesic species, Polypsocus corrup- 
tus, a xerie species, Kleidocerys resedae, and an intermediate species, Leptopeza compta, Empididae. Data from 
Table 2. The hill-like binomial solid is shown by the last and, for comparison, by the tree species, sassafras. 
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reasonable interpretation of this independence of 
distribution is that each species is distributed along 
the gradients through communities according to its 
own capacity to maintain its population. Each re- 
sponds independently to physical factors of environ- 
ment; and each responds to biotie gradients of food 
availability, competition, predation, ete., according 
to its own ability to obtain food, to compete, and to 
escape or defend against predation. Not to deny 
the significance of the web of life, its consequence 
is not the organization of populations into bounded 
units. This statement of the individuality of species 
in their distributional response to environment is 
an expression of the individualistic hypothesis of 
Gleason (1926 and 1939) and Cain (1947) applied 
to animal communities. Such animal communities as 
may be referred to in this paper are regarded, not 
as emergent entities or fundamental units, but 
simply as expedient groupings of species whose 
population modes are close together, so that they 
are abundant in the same samples. 

Results from the distribution of foliage insect 
specics in the Smokies may be summarized: 

1. Species are rarely present in one community 
and absent in adjacent ones: they oceur with popu- 
lations tapering along gradients through apparent 
communities. 

2. The generalized curve of such population change 
along gradients appears to be the binomial or Gauss- 
jan curve. 

3. Since the distribution of any species is deter- 
mined by its own physiology and its own response to 
biotic factors, no two species have the same distribu- 
tions: and species populations are not organized into 
associations, formations or biomes, or zones, 


ASSOCIATION OF SAMPLES 


A further approach to the problem of community 
relations is possible through study of the association 
of samples as wholes, rather than of species as such. 
The samples may be compared to provide answers 
for a second set of questions: Which samples are 
most alike, and what organization of the samples into 
community units (associations, zones, or formations) 
appears or does not appear? This comparative ap- 
proach may serve as a check on the analytical ap- 
proach to species distribution already discussed. 

To make such comparison of stands or samples 
possible, an objective, quantitative measure or index 
of population similarity is necessary. A suggestion 
of such a measurement is to be found in Jaccard’s 
(1901, 1912) community coefficient, the ratio of num- 
her of species shared by two samples or areas to 
total number of species occurring in one or both. 
Jaceard’s coefficient, however, is poorly suited to 
comparison of population samples, being highly 
dependent on sample size and rather independent of 
actual numerical similarity, which is to be measured. 
Gleason (1920) suggested weighting the species by 
their frequencies in order that the most important 
ones might have a preponderant effect in the coeffi- 
cient. The method used here, in effect, weights the 
species by actual numbers in the samples. 
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After some experimenting with more complex 
measurements, a simple and direct means of compar- 
ing common populations was settled on for this 
work, a measurement designated as the index of 
association. If we compare the ratio of numbers of 
individuals of given species by which samples A 
and B differ to the total numbers of both samples, 
as in the first example, we obtain a measurement 
of population difference, 

lab 
A+B 
This value is the “percentage difference” of Odum 
(1950). A more direct means of obtaining a meas- 
urement is by summing the smaller numbers of col- 
umns A and B and computing the ratio of this sum 
to the total of the two samples. This value may 
be doubled, since a sum the maximum of which is 
the size of one sample is being compared with the 
sum of both samples; and the doubled value is the 
percentage similarity of Odum, one minus the per- 
centage difference. 
2Smin(a, b) _ Lja-b} 
A+B A+B 
These measurements may serve to compare similarity 
or association of samples when sample size is stand- 
ardized for equal areas, as for the breeding birds of 
100 aeres. 

When the samples are of indefinite area or of dif- 
ferent sizes, value of percentage similarity changes 
with change in relative size of the samples. To pro- 
vide a standard basis of comparison it is desirable to 
use samples of equal numbers of individuals or, more 
simply, to compare the samples in terms of dec’mal 
fractions or percentages rather than by numbers of 
individuals. Using decimal fractions and summing 
differences without regard to sign gives a measure- 
ment ranging from zero to 2.00, one half of which 
may serve as an expression of population difference. 
One minus this last value equals the sum of the 
smaller fractions and may be used as an index of 
association of two samples, 

I, = 1— 5>/a-b|= & min (a, b) 

when a and b are decimal fractions of samnics A 
and B. In actual computation the measurement may 
be obtained most simply and directly by summing 
the smaller fractions of each species in the two 
samples as shown in the second example. The index 
thus measures the extent to which two samples are 
alike in composition, the fraction of their totals in 
which they are alike in percentages of individuals 
of the various species, and ranges from zero for 
samples with no species in common to 1.00 or 100 
percent for identical samples. 

The expression “index of association” is considered 
appropriate because the measurement may be applied 
with equal effectiveness to compare similarity of 
population distribution of two species in a series of 
samples. In this case the percentages computed from 
the total of individuals of each species in the set of 
samples are used, and the measurement expresses 
the area of overlap of the populations relative to 
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the total area of distribution sampled, subject to 
modification by sampling error. For this purpose the 
samples should be equivalent, or may be stand- 
ardized to 1.00 as in the development of the third 
example from the second. In dealing with popula- 
tion samples a measurement of this nature has some 
advantage over indexes based on presence and ab- 
sence alone (Dice 1945, Cole 1949). Such indexes 
hold great promise for the future, since they permit 
an advance beyond the traditional assumption of 
association and non-association to measurement of 
actual degree of population similarity. 


First example, percentage similarity and difference 


Sample A B oC 
Species No. 1 55 45 30 
No. 2 35 75 50 

No. 3 10 30 120 

Total 100 150 200 


Percentage difference, 
A and B=(10+40+20) /(100+150)=28% 
B = (15+25+490) / (150+200)=37% 


Samples 

and 
Percentage similarity, 

Samples A and B=2(45+35+10) /(100+4+150)=72% 

B and C=2(30+50+30) / (150 +200) =63% 


Second example, association of samples 


R. H. WuHitTaKER 
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. No. 
In application to the Smokies data a table of 
numbers of individuals per species in the total 


sample for each station was prepared in the form 
of Table 2 for the 584 species determined at the 
time. Each value was converted to a decimal frae- 
tion of the determined population of that station, 
and each station was compared with every other. 
The result is Table 3 

Something of the meaning and limitations of such 
data may be indicated. A high degree of sampling 
error is involved in the measurement of natural pop- 
ulations because of their contagion and irregularity. 
The association index in consequence not inde- 
pendent of sample size (the smaller the samples the 
less alike they will appear to be) and is of no value 


is 


at all for very small samples. The low values of 
Table 3 reflect sampling error in part as well as 


dissimilarity of populations. A test of the extent to 
which this is true can be made by breaking a given 
sample into fractions (each a certain number of the 
30 or 45 sets of 50 sweeps) and measuring the in- 
ternal “association” of these parts of a single sample. 
As may be expected from the nature of the meas- 
urement, this “internal association” is dependent on 
both size and diversity of the sample. When sample 






































Sample A B ( Total H was broken down into sixths, the average asso- 
Species No. 1 55 .30 15 1.00 ciation of these was 49.0 percent, for thirds 56.1 per- 
et po a se wins cent, and for halves 58.0 percent. Halves of the 
Total > <c 100 1.00 Rava . sample were compared for five other stations, and 
‘ee ; the influence of size and diversity is indicated by 
Association of samples . cee Ace > : 
Ke. 7" comparison of pairs of these. 
A and B=1—.5(.25+.15+.10)=.30+.35+.10=.75 oo 
B and C=1—.5(.15+.25+.40)=.15+.25+.20=.60 Internal associations of halves of samples: 
BG OR 1-569 +19 F 40) = 15-435 -4-.10 2.50 Station B=59.3 Station F=65.9 Station L=53.6 
Third example, association of species — naan ciate 
_ Sample A B C Total L and H are of similar diversity (see below) but 
omens as pnd res ro ee H, being larger, has a higher internal association. 
No. 3 11 299 67 1.00 F and L are of similar size but F, with a smaller 
Association of species diversity, has a higher internal association. D, whieh 
band 2804004 Aa¥S is both large and of low diversity, has the highest 
2 and 3=.11+.22+.23=.56 value of the series. These “internal associations” 
1 and 3=.11+.224+.15=.47 are of value in serving as a partial control on the 
TABLE 3. Association of Samples. 
| | | | | | | | 
A B C 4D bah Tek) G | H | J K L L’ M g N | 
Sra- | | | Oak- | Oak- | | Oak- | | | | Sen Sra- 
TIONS | Cove Cove | Ches. Ches. | Heath} Heml.| Pine | Hick. |Spruce| Pine | Grass | Beech | Beech | Cove | Cove | trons 
‘orest| Heath} Forest be aE Forest| Forest} Forest Heath| Bald | For-S | For- “N} Forest| Forest 
“1200 | 3000" | 3100’ | 2700’ 1500’ | 1500’ | 5900’ | 3500’ | 5600’ | 5400’ | 5400’ | 4400’ | 1500’ 
2 fn arsed tone orth Am ~~ eee RR |——-|———|-—_/-—__|--— 
A 02 | 08 | | 0.25 0.02 | 0.03 | | 0.04 | 0.04 | 0.01 0.14 | 0.10 | 0.15 | 0.12 ! 
B .14 | 0.12 | 0.06 0.29 | 0.05 | 0.07 | 0.13 | 0.06 | 0.04 | 0.21 | 0.18 | 0.23 | 0.18 B 
C | Oa 0.27 0.13 | 0.18 | 0.21 | 0.21 | 0.10 | 0.39 | 0.04 | 0.15 | 0.14 | 0.14 | 0.26 C 
oy | 0.10 | 0.15 | 0.09 | 0.11 | 0.07 | 0.16.| 0.01 | 0.10 | 0.05 | 0.05 | 0.13 | is. 
D | 0.06 | 0.08 | 0.04 | 0.07 | 0.16 | 0.19 | 0.09 | 0.07 | 0.07 | 0.04 | D 
E | 0.04 | 0.04 | 0.15 | 0.12 | 0.02 | 0.25 | 0.19 | 0.24 | 0.19 E 
F | 0.35 | 0.04 | 0.15 | 0.01 | 0.04 | 0.02 | 0.03 | 0:41 F 
G | 0.05 | 0.06 | 0.02 | 0.05 | 0.03 | 0.04 0.20 G 
H | | | | | | 0.10 | 0.11 | 0.35 | 0.26 | 0.24 | 0.09 | H 
J | | | | |.0.09 | 0.11 | 0.11 | 0.08 | 0.06 | J 
oe | | - 0.09 | 0.09 | 0.03 | 0.02 K 
L | |. | 0.41 | 0.29/ 0.14] L 
L’ | Pee | | 0.26 | 0.09 | L’ 
M | | | | oe | | 0.11| M 
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association between samples, indicating the extent 
to which the measurements are lowered by limitations 
of sample. They may also be used as a standard 
of comparison to give a value less influenced by 
sampling error, diversity, and sample size: 


average Ia values of halves of sample A against halves of 
sample B. 


average Ia values for halves of sample A and B against one 
another 





Standardized in this manner the association of sta- 
tions L and L’ becomes 76 percent instead of 41 
percent. This more exacting measure was not at- 
tempted for the whole series of stations. 

Since all the association measures are smaller than 
any “associations” of halves of samples, we may 
judge that no two samples are taken from identical 
populations. It may be observed, further, that small- 
ness of the index is an indication of distance apart 
along the gradients. L and L’, which are closest 
together of the stations have the highest index, and 
A and D and A and K, which are most remote from 
one another, the lowest. Along the elevation gradi- 
ent in mesic forests the 500-foot separation of L 
from H corresponds to an index of 35 percent, the 
1500-foot separation of M from H to a value of 
24 percent, the 2900-foot separation of B from H 
to a value of 13 percent, the 4400-foot separation 
of N from H to a value of 9 percent, and the 4700- 
foot separation of A from H to a value of 4 percent. 
A similar relation appears along the moisture gradi- 
ent. The association index thus expresses (apart 
from sampling error, ete.) the ecological distance of 
samples; it is a biological expression of closeness 
or separation along environmental gradients affect- 
ing the populations dealt with. 

With comparisons of all stations available, we 
may see to what extent a grouping of these these 
stations into community units is indicated. Such 
units, to have real meaning, must be separated by 
distinct boundaries or ecotones, within which the 
composition of stands or samples is relatively ho- 
mogeneous. Samples taken from within an associa- 
tion should be much alike, samples from different 
associations very little alike. 

Four samples were taken at different elevations 
in the mixed mesophytie association or cove forests 
(A, B, M, and N). The association indexes for pairs 
of these range from 26 percent for A and B down 
to 11 percent for M and N. None of them even ap- 
proaches the value, well above 50 percent, that the 
‘“Gnternal associations” indicate is to be expected of 
samples of the given size and diversity taken from 
the same population or universe. Further, the low- 
elevation cove forest sample (N) resembles a low- 
elevation oak-hickory sample (G) more than it does 
a middle-elevation cove forest sample (B). A high- 
elevation cove forest sample (M) is more like the 
spruce-fir forest sample (H) of still higher eleva- 
tions than the cove forest of lower elevations (A or 
N). The two samples from chestnut oak-—chestnut 
types (C and C’) resemble one another less than C 
resembles a pine heath (J) of similar elevation. 
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These data are inconsistent with the view that the 
cove forest and oak—chestnut associations are valid, 
bounded units; they are consistent with the con- 
ception already indicated, that population change 
along gradients is continuous within, as_ between, 
our arbitrary associations. 

Expanding the unit considered from the associa- 
tion to the formation, we may observe whether 
growth-form of canopy causes a well-defined group- 
ing of stations. Two of the samples (F and J) are 
from open pine stands of different elevations; but 
these are less like one another than F is like a 
closed oak—-hickory forest (G) of its elevation and 
J like an oak-chestnut heath (C) of a comparable 
elevation. Since the hemlock forest (E) and spruce— 
fir forest (H) are both high-elevation coniferous 
forests, they may be compared with high-elevation 
deciduous forests and one another. H most closely 
resembles L, a deciduous stand, while E most closely 
resembles M, B, and L, all of which are deciduous 
forests, rather than H. Factors other than growth- 
form are most effective in controlling these inverte- 
brate populations, and the data are against a natural 
grouping into formations. 

A strong effect of elevation in determining sim- 
ilarity of samples has been indicated in the pre- 
ceding, and we may test whether life-zones provide 
the desired grouping of samples. For the span of 
gradients represented in the Smokies, samples from 
comparable moisture conditions at opposite extremes 
of elevation (N and H, N and L’, G and L, F and 
D) are about as little alike as samples from the ex- 
tremes of the moisture gradient at similar elevations 
(N and F, B and J, M and J, L’ and K, H and D); 
the average association indexes for these sets of pairs 
are 7.5% and 8.2%. This very fact means that 
stands from different moisture conditions in the same 
zone may resemble each other much less than stands 
from similar moisture conditions in different zones. 
Elevation zones are not units and do not provide a 
natural grouping of samples. 

A fourth possibility is the grouping of stations 
by stratal associations or unions of the undergrowth. 
All the cove forest stations have rather similar 
undergrowth, with rich, mull herb strata having many 
species in common, which would be assigned to the 
same union, and poorly developed shrub strata. 
Each of the samples, as indicated, resembles other 
samples of the same elevation with quite different 
undergrowth more than it resembles some others of 
the group. The gray beech forests of north and 
south slopes, L’ and L, are strikingly different in 
both herb and shrub undergrowth, but are most 
alike of the stations in their association index. Simi- 
lar populations and high association indexes appear 
in general where there is fundamental similarity of 
physical environment, as indicated by elevation and 
moisture conditions; they do not necessarily appear 
with superficial similarity of vegetation or ocecur- 
rence within the same man-made unit. 

It may be observed, finally, that even the few 
valid boundaries between vegetation types, the edges 
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of the balds and the lower limits of spruce and gray 
beech, are scarcely reflected by the association in- 
dexes. The boundary between lower-elevation forests 
and H and L above 4500 feet is not indicated by 
any decrease in index values. It has been shown 
that most species extend through these boundaries; 
such boundaries, where they exist, are not so much 
discontinuities as relative steepenings of the biologi- 
cal change occurring along all gradients. The pic- 
ture which emerges equally from analysis of species 
distributions and comparison of sample associations 
is that of a continuum of populations, in which there 
may be locally steepened transitions. It is relative 
distanee in this continuum that is measured by com- 
paring indexes of association. In such a continuum, 
in which no two species have quite the same distri- 
bution, neither species nor samples will pigeonhole 
themselves naturally into units, whatever the units 
may be ealled. Criticism of the use of such units, 
which may be necessary for practical work, is not 
intended. But for the theoretical understanding of 
natural communities it may be recognized that the 
distribution of plant and animal populations is far 
more complex and various, more difficult to express 
and simplify, and more generally continuous than 
the use of these units might imply. 
DISTRIBUTION OF TAXONOMIC GROUPS 

The conception developed so far, of a complex 
continuum of populations in which no two distribu- 
tions are the same, may seem a somewhat chaotic 
one. If we do not find the orderliness we seek in the 
organization of species into community units, how- 
ever, we may seek order in natural communities on 
a higher level. We may ask first whether there are 
meaningful patterns in the distribution of families 
and higher taxonomic groups. 

Distribution of taxonomic groups may be ap- 
proached on the same basis as species distributions, 
by observing change in population levels along gradi- 
ents and by means of the distributional charts. Dis- 
tributional charts were drawn for all families for 
which data were adequate, using as values percent- 
ages of the winged-adult samples, derived from 
Table 4. As might well be expected, some families 
with a high degree of bionomie unity or common en- 
vironmental requirements show distributional pat- 
terns as definite as those of species (Fig. 8). As 
might also be expected other families, in which the 
species are diverse in their environmental relations, 
show no definite patterns. As was the case with 
species, the data seem adequate for statements about 
some families, mainly the larger ones, inadequate for 
others. Number of individuals in the samples is 
given after each family as an indication of the re- 
liability of its distribution. 

Some interesting relations between families of the 
same groups appear. The two closely related flv 
families Drosophilidae and Chloropidae, for instance, 
both extend throughout the gradients in the Smokies 
though with their populations strongly centered at 
high elevations. Along the gradient of moisture and 
exposure, however, their distributions are opposite; 
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the drosophilids are centered in the mesic forests of 
high elevations, the chloropids in the open balds. 
The four major groups of parasitic wasps show a 
similar distributional replacement of one another. 
All four extend throughout the gradients; but of the 
three predominantly parasitic groups the Tehneu- 
monoidea are centered in mesic forests at high eleva- 
tions (due to the ichneumonids, while the braconids 
show. no very definite pattern), the Proctotrupoidea, 
at low elevations and in more mesie¢ sites, and the 
Chaleidoidea, in xerie sites, while the Cynipoidea 
are centered in intermediate sites. Such distribu- 
tional patterns result in progressive changes or trends 
in the relative importance of families along the 
gradients. Thus in the four mesic deciduous samples 
along the elevation gradient the ratio of proctotru- 
poids to ichneumonoids declines from 1.03 at 1200 
feet (A) and 1.00 at 1500 feet (N) to .50 at 3000 
feet (B), .45 at 4400 feet (M), and .33 at 5400 feet 
(L’). 

The distributions of families are as follows: 

1. Centered in mesie forests at high elevations— 
Hymenoptera Tenthredinidae 44, Ichneumonidae 
550; Diptera Tendipedidae 1420, Drosophilidae 424, 
Tipulidae 301, Lauxaniidae 200, Psychodidae 123, 
Rhagionidae 62, Anthomyzidae 55, Tetanoceratidae 
45, Heleomyzidae 24; Coleoptera Nitidulidae 138; 
Hemiptera Cicadellidae 2416, Miridae 373. 

2. Centered in mesic forests at lower elevations— 
Diptera Fungivoridae 544, Dolichopodidae 538, 
Heleidae 328, Itonididae 120; Coleoptera Lycidae 40; 
Corredentia Psocidae 248, Caeciliidae 236. 

3. Centered in intermediate forests toward higher 
elevations—Diptera Empididae 659, Lycoriidae 275; 
Coleoptera Cantharidae 374. 

4. Centered in intermediate foresets toward lower 
elevations—Diptera Phoridae 740; Coleoptera Allecu- 
lidae 139, Orthoperidae 47, Anobiidae 42; Neurop- 
tera Coniopterygidae 20. 

5. Centered in xerie or open types of higher ele- 
vations—Diptera Chloropidae 973, Muscidae 587, 
Cypselidae 49, Sepsidae 16. 

6. Centered in xeric, open forests of lower eleva- 
tions—Diptera Otitidae 16; Coleoptera Elateridae 
250, Melandryidae 117, Melyridae 54; Hemiptera 
Lygaeidae 318. Adults of Diptera Simuliidae (67) 
wer? also centered in these dry forests. 

Some families, fairly well represented, have wide- 
spread distributions of indefinite pattern (Dipter: 
Agromyzidae 121, Syrphidae 67, Ephydridae 34, 
Tephritidae 34, Milichiidae 28, Sareophagidae 24, 
Coleoptera Chrysomelidae 551, Mordellidae 421, 
Curculionidae 225, Cerambycidae 195, Staphylini- 
dae 144, Coeeinellidae 130, Phalaecridae 32, Lam- 
pyridae 23, Hemiptera Psyllidae 234, Fulgoroidea 
87, Tingidae 69, Cereopidae 59, Anthocoridae 37, 
Pentatomidae 25, Membracidae 21, Neuroptera Hem- 
erobiidae 23, Chrysodipae 16); and the patterns for 
smaller families, some represented mainly by a single 
species, need not be thought significant. 

Distributional patterns or higher taxonomie 
groups may also be sought. The fact that several 
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Distribution charts for four fly families. The figures indicate that the dolichopodids are centered in 


mesic sites at middle elevations, the chloropids in xeric or open types toward higher elevations, the empidids in in- 


termediate sites toward higher 
from Table 4. 


‘levations, and the phorids in intermediate sites toward lower elevations. 
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TABLE 4. Tabulation by families, winged-adult fraction. Numbers of individuals in total samples, including 
cruising collections. 
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*Supplementary stations, sampled only once; other stations three times. 
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ToraL WINGED-ADULT SAMPLE.....| 379|1603| 941) 230/2463/1616| 782) 709/2591, 33) 819) 773/1915 1530/1631 /1006/19 ,021 
important families of the Nematocera, the more  (Psocidae and Caeciliidae). The Lepidoptera, mainly 


primitive flies (Tendipedidae, Tipulidae, Fungivo- 
ridae, Psychodidae, Itonididae, Heleidae) are mesic 
suggests that the suborder as a whole is centered in 
mesic forests, as may easily be shown (Table 5). 
The mesic centering of the Nematocera is in contrast 
to other fly groups; for the more advanced Brachy- 
cera are centered in drier forests of intermediate 
elevations, the Aschiza in intermediate forests of 
lower elevations, and the most advanced group, the 
Schizophora, both Calyptratae and Acalyptratae, in 
xeric or open types of high elevations. Among the 
beetles the Adephaga and Rhyncophora show no 
clear patterns; but the Polyphaga, and consequently 
the whole order, in which these are most numerous in 
sweep samples, tend to be centered in xeric sites at 
lower elevations. In the Hemiptera, the Homopter: 
(excluding aphids) are centered toward higher ele- 
vations, the Heteroptera in more xeric types toward 
lower elevations. In the Hymenoptera, in addition to 
the distribution of wasp groups indicated, both ants 
and bees are more numerous in samples from xeric 
communities. By “centering” is meant only that a 
group is most abundant and forms a larger fraction 
of the foliage insect community at some part of the 


gradient pattern than at others. Although these 
groups extend throughout the gradients in the 


Smokies the result of their different centering and 
tapering abundance along gradients is a quite definite 
shift in taxonomie composition of communities as 
one proceeds from dry sites to moist, or from low 
to high elevations. 

Some other insect orders, taken as wholes, show 
such distributional centering. The Mecoptera, both 
Bittacidae (10) and Panorpidae (44), are centered 
in mesie forests, as are the winged Corrodentia 


represented by moths, were more numerous in mesic 
samples though most of the few butterflies taken 
were from xeric or open types. The very small num- 
ber of Micropterygidae taken (6) were from high- 
elevation, mesie forests (H and L’). The Collembola, 
so far as they entered sweep samples, were mesic 
and most numerous at high elevations. The Orthop- 


tera were most abundant in xeri¢e and low-elevation 
samples. Aquatic orders which entered the samples 
in small numbers (Megaloptera, Trichoptera, Ple- 
coptera, Ephemerida, Odonata) did so in mesie¢ 


forests near streams. No clear pattern appeared for 
the Thysanoptera and Neuroptera. Most of the 
fractions of the samples other than insects were 
most numerous in mesie¢ forests (Table 6); such was 
the case for phalangids and for small numbers of 
snails, millipedes, and pseudoscorpions taken. The 
spiders showed no pattern as a group. 

As these larger groupings, and the larger num- 
bers of individuals involved, are dealt with, the data 
seem quite adequate for statements about distribu- 
tion in summer foliage communities in the Smokies. 
In most patterns of absolute numbers in 
samples have been checked against relative numbers, 
percentages of the winged-adult samples for insect 
groups other than Collembola. It may well be asked 
to what extent the statements are valid for distribu- 


*ases 


tion outside the Smokies. The vegetation of these 
mountains, with their range of environments from 


low-elevation southeastern forests to a_high-eleva- 
tion spruce-fir type and from the very mesie cove 
forests to xeric pine forests, is to some extent a 
paradigm of the eastern forests for historical as 
well as present reasons. Insect groups most abun- 
dant in high-elevation mesic forests in the Smokies 
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percentages of winged-adult fraction. 









































Specimens in winged- adult sample | 
minus cruising collections... . 
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might well be expected to be abundant also in mesic 
forests of the northeastern states and so forth. For 
many of the groups such extrapolation seems to fit 
collecting experience fairly well. Statements on Dip- 
tera are similar to those of Lindner (1925-32) for 
Eurasian collecting. Most of the mesie groups, in 
particular, seem to be more abundant in moist sites 
wherever they occur. 

It is evident enough, however, that the gradient 
of elevation is not the same as that of latitude and 
that the “moisture” gradient is an exceedingly com- 
plex one. Along this gradient canopy coverage de- 
and light inereases, atmospheric humidity 
soil becomes drier, thinner, and of differ- 
factors of temperature change, and 


creases 
decreases, 
ent properties, 


character of the vegetation changes completely. It 
cannot be assumed that any group in its distribution 
along this gradient is responding simply to moisture. 
Outside the Smokies different combinations of these 
environmental factors occur, acting on different local 
faunas. While full agreement in distributions out- 
side the Smokies should not be expected, the data 
from the series of communities there offer an in- 
structive and suggestive picture, at least. They may 
serve to indicate that a definite patterning in the 
distribution of taxonomic groups in invertebrate 
communities exists. 
TRENDS 

those taxonomic 
natural 


Beyond 


orderliness of 


patterns we may seek 
communities in trends along 
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*Supplementary stations, sampled only once; other stations three times. 


gradients. A natural community, like any other or- 
ganic system, is surely adapted to and expressive of 
its environment. Change in environment along gradi- 
ents implies change in community expression of en- 
vironment, if appropriate measurements of this can 
be found. A further question to be asked then, is 
this: What orderly changes in foliage insect com- 
munities appear along the major gradients in the 
Smokies? The four types of measurements to be 
tested include taxonomie composition, evolutionary 
level, food-habit composition, and diversity. 
TAXONOMIC TRENDS 

Because of the tapering distributions of taxonomic 
groups, indicated in the preceding section, any num- 
ber of taxonomic trends could be formulated by trae- 
ing ratios of pairs of groups, or of combinations 
of groups. Since, as was the case with species, no 
two groups have quite the same distribution, it should 
not be expected that such trends would fall into any 
single pattern. We may, however, select some of the 
major groups as means of characterizing communi- 
ties and see how their ratios are related to gradients. 

Among the Diptera the Orthorrhapha tend to be 
more abundant in mesie or intermediate forests, the 
Cyclorrapha in xerie or open vegetation. If we com- 
pute ratios of Cyclorrhapha to Orthorrhapha (trend 
tabulations are given in Table 7), we obtain low 





ratios, ranging from .51 down to .22 for such mesic 
forests as the cove forest types and spruce-fir for- 
ests, ratios around 1.00 for dry-site and high-elevation 
deciduous forests, and ratios far above 1.00 for the 
open balds. If in the Hemiptera we use ratios of 
Heteroptera to Homoptera excluding aphids, we ob- 
tain ratios below .30 for most mesie forest types but 
above .50 for the xeric pine types and heath bald. 
In the Hymenoptera the ratio of chaleidoids and 
eynipoids to ichneumonoids and _ proctotrupoids is 
below .5 for low-elevation mesic and intermediate 
forests, between .5 and 1.0 for high-elevation forests, 
and above 1.0 for xerie types with the exception of 
station J. The Polyphaga outnumber other beetles 
too strongly to compare with them; but this group, 
centered in xeric types, may be compared with the 
largest dipteran fraction, the Nematocera. The result 
is a ratio which serves as well as any to characterize 
mesic and xeric communities in the Smokies, with the 
Nematocera the more numerous in mesic forests, 
the Polyphaga equaling or exceeding them in xerie 
types. 

All these ratios are affected by elevation; none is 
simply an expression of moisture-balance. No ratios 
were found, however, which were highly correlated 
with elevation alone. The moisture gradient has here 
a preponderant effect in controlling taxonomie com- 
position of foliage communities. 
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MODERNITY 

It might be observed in many of the taxonomic dis- 
tributions and trends that relatively primitive foliage 
insects are mesic, relatively advanced ones xeric. 
There are some conspicuous exceptions; such is not 
the case for the Orthoptera, which are relatively 
primitive but centered in xeric vegetation, or for the 
Homoptera and Heteroptera, which reverse the pat- 
tern with the more primitive Heteroptera xeric. The 
correlation of modernity with environment seems 
clear, however, in at least two of the major orders, 
the Diptera and Hymenoptera. 

The Diptera are particularly instructive in show- 
ing increasing modernity of the population toward 
drier environments. The shift in emphasis between 
the more primitive Orthorrhapha and more ad- 
vaneed Cyclorrhapha has been indicated, together 
with the fact that the upper Orthorrhapha (Brachy- 
cera) and lower Cyclorrhapha (Aschiza), which 
are intermediate in the order are intermediate also 
in environmental centering. All these groups extend 
throughout the gradients, but an expression of the 
modernity of the dipteran population as a whole 
may be obtained from a weighted evaluation of its 
composition. If the four groups are weighted in 
their phylogenetic sequence (zero for the Nema- 
tocera, one for the Brachycera, two for the Aschiza, 
and three for the Schizophora), the weighted total 
may be divided by the unweighted total to give an 
expression of modernity. The evident diversity within 
these groups, so that higher members of one are 
more advanced than lower members of the next 


above, may be passed over for the gross statistical 
treatment. 

The results (Table 7) rather closely parallel the 
Cyclorrhapha/Orthorrhapha ratio. By either the 
Dipteran community is relatively primitive in mesie¢ 
forests, intermediate in drier forests, and advanced 
in the dry and open balds. A closely similar 
result appears from breaking down the Hymenop- 
tera into Chalastogastra (0), Ichneumonoidea and 
Proctotrupoidea (1), Chalcidoidea and Cynipoidea 
(2), and higher wasps and Apoidea (3). Although 
both the phylogenetic scale and distributional pic- 
ture seem less satisfactory than for the Diptera, the 
general parallelism of the results is striking. Values 
below 1.25 appear for the lower mesie forests, be- 
tween 1.25 and 1.50 for intermediate and high-ele- 
vation forests, above 1.50 for the xerie forests, and 
near 2.00 for the balds. 

In attempting to extend these results, all the fo- 
liage insect groups were arranged in a rough se- 
quence of evolutionary levels with the aid of Dr. 
Maurice James: 1, highest, Cyelorrhapha with Apoi- 
dea, Formicoidea, and most advanced wasps; 2, 
Brachycera with wasp groups Ichneumonoidea, Pro- 
cotrupoidea, Cynipoidea, and Chalicidoidea; 3, Nema- 
tocera, Chalastogastra, Polyphaga, Rhyneophora, 
and Frenatae; 4, Adephaga, Jugatae, and Homop- 
tera; 5, Micropterygidae, Heteroptera, Mecoptera, 
Trichoptera, Neuroptera, and Thysanoptera; and 6, 
lowest, Corrodentia and Orthoptera. Using the class 
numbers as weightings a modernity value was com- 
puted for the dry-preserved portions of the samples, 
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Fic. 9. Trend charts. Data from Table 7, discussion in text. 


the winged adults minus ants, aphids, and Orthop- 
tera, mostly immature. The ratios range from 2.72 
to 3.18 (average 2.88) for mesic forests, from 2.68 
to 2.05 (average 2.46) for the xerie types, with the 
exception of station F. The relation of evolutionary 
level to environment thus appears for the whole fo- 


liage insect community, though in a less clear-cut 
manner than within the Diptera and Hymenoptera. 

In order to have a more expressive modernity 
index for the community, a simple ratio between 
some of the more advanced and more primitive 
groups was used. The Cyclorrapha, more advanced 
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Hymenoptera (apoids, higher wasps, cynipoids and 
chalcidoids), Polyphaga and Rhynecophora were bal- 
anced against the Orthorrapha, less advaneed Hy- 
menoptera (Chalastogastra, ichneumonoids and proc- 
totrupoids), Adephaga, Corrodentia, and Mecoptera. 
The Hemiptera and Orthoptera, which do not fit, at 
least in the larger breakdowns attempted, were arbi- 
trarily excluded. This ratio of more advanced to 
more primitive is generally below 1.0 for mesic for- 
ests, above 1.0 for drier forests, and much above 
1.0 for the open balds. The pattern is given in 
Fig. 9. 

The relation of evolutionary level to environment 
among insects has already been indicated by Ken- 
nedy (1928), with the observation that the more 
modern, more active insects tend to appear in en- 
vironments of high energy intensity—mid-day, mid- 
summer, and the tropics—and more primitive insects 
in environments of low energy intensity. This fau- 
nistie correlation, which may be designated the Ken- 
nedy trend and regarded as an ecological principle 
comparable to the Bergmann and Allen trends for 
vertebrates, is supported by the population data for 
various insect groups given here. These data may 
also indicate environmental factors with which the 
relation is most definitely correlated. 

The complexity of the “moisture gradient” has 
been indicated; the dry environments are also, among 
other things, hot and bright, of high energy intensity. 
The frequent difficulty of untangling ecological cor- 
relations is encountered here, but we may in part 
separate energy level from dryness by the elevation 
gradient. Although low-elevation mesic forests are 
necessarily warmer than high-elevation ones, there 
is no inverse correlation of the modernity index with 
elevation. A slight positive correlation of modernity 
with elevation (.24)* actually appears, using the 
eastern forest samples only, as if conditions of high 
clevations tended to be adapted to by a community 
of slightly more modern insects. The primary cor- 
relation, however, seems to be that of modernity with 
moisture conditions of environment (.82), with the 
latter indicated by a weighted evaluation of the stand 
in the eastern forest types (Whittaker 1948), and 
with the balds and spruce-fir forests again excluded 
from the computation. So far as the data permit 
separation of warmth of environment, determined by 
both elevation and the moisture gradient, from dry- 
ness, mainly indicated by the latter, the correlation is 
with the moisture gradient. 

As a somewhat simpler and physiologically more 
direct explanation of the Kennedy trend, it is sug- 
gested that’ the primary correlation of modernity is 
with drying power of the atmosphere. It is suggested 
that primitive insects with relatively delicate body 
coverings and unspecialized respiratory apparatus 
are less able to withstand a dry, hot environment 
than more advanced and more specialized insects. 
Such a primary correlation does not exclude a good 
number of exceptions, nor a parallel adaptation to 
the high energy level of hot, dry environments and 


* Coefficients of correlation reduced for number of samples 


are used. 
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their greater amplitude of fluctuation, nor a possible 
correlation with age and extent or habitat. What- 
ever additional correlations may exist, however, the 
relation between modernity and dryness is a major 
trend in composition of foliage insect communities 
and an underlying meaning of many of the other 
taxonomic patterns and trends indicated. 

FOOD-HABIT PROPORTIONS 

Representation of various food habits is another 
respect in which the community may express its en- 
vironment. In studying this in the Smokies the 
samples were broken down according to primary 
food habits of families during the period of growth, 
the immature stages. The proportions in the samples 
of herbivores (excluding the next two groups), 
fungivores, pollen-feeders, scavengers, predators, and 
parasites were thus determined. The compilations 
of generic and specific food habits and retabulation 
of data which would have been necessary to break 
down families of mixed food habits were not at- 
tempted, nor were some of the further complexities 
of food habits dealt with. The classification is, in 
consequence, admittedly lacking in refinement; but 
results may be considered meaningful when differ- 
ences among communities are consistent and of sig- 
nificant magnitude. The approach used is similar to 
that of Weiss (1924 a and b, 1925) on faunal lists, 
and the percentages of individuals obtained here 
from the whole Smokies sample closely parallel 
Weiss’ percentages of species in various areas. Some 
of the patterns obtained here are also suggested by 
his data. 

A rather consistent pattern may be observed, for 
instance, for the fungivores, which form one _per- 
cent or less in xerie types, five pereent or more in 
closed forests of lower elevations, and ten percent or 
more in some mesic forests. In this two families of 
Nematocera (Fungivoridae and Lycoriidae) greatly 
overshadow the small families of other groups, and 
the pattern is of the mesie type shown by most 
nematoceran families. The trend of increasing repre- 
sentation of fungivores toward mesie sites should 
have meaning in the larger amount of fungal food 
ayailable in moist environments. The pattern for the 
seavengers is somewhat similar, though stations F 
and G have inconsistently high proportions of these. 
The trend is toward desereasing representation of 
seavengers in drier sites, with highest absolute and 
relative populations in the coniferous forests of high 
elevations (EK and H). The trend may be connected 
with the relative primitiveness of some of the large 
seavengering groups (Nematocera, again) and the 
possible primitiveness of this food habit among the 
insects, but perhaps more significantly with environ- 
ment—the existence of a rich, moist soil favorable 
for seavengering in mesi¢ forests, in contrast with 
the thinner and drier soil of xeri¢ types. 

The variations in predator and parasite representa- 
tion in the samples form no consistent pattern, nor 
does the total of these carnivores together. Vari- 
ation in the percentages of these is perhaps to be 
regarded as error due to the treatment by families 
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and the average, 27 percent, regarded as significant. 
With a minority of scavengers feeding on animal 
tissues primarily, it would appear that approxi- 
mately a third of the foliage insects are on the third 
(carnivorous) level or higher in the metabolie¢ strue- 
ture of the community. 

A fairly consistent pattern appears for the herbi- 
vores feeding on vascular plants, with representa- 
tion under 30 percent in more mesic forests (except 
station N and the high-elevation deciduous forests), 
over 40 percent for xeric and high-elevation decidu- 
ous forests, and over 50 percent for the balds. The 
small percentage of pollen-feeding forms is, in gen- 
eral, higher in the more xeric types and becomes a 
substantial fraction of the community (5 and 6 per- 
cent) only in the balds. Their pattern is thus much 
the same as that of the other herbivores on vascular 
plants, and combining these emphasizes the high pro- 
portion of forms using living plant tissues in the 
open bald communities. 

The herbivores are opposite to the fungivores and 
scavengers in their environmental centering, in terms 
of proportion of the community. If ratios of vascu- 
lar herbivores and pollen feeders to fungivores and 
scavengers are computed, the values are below 1.0 
for lower-elevation, more mesic forests (except N) 
and for the high-elevation abietine forests (HI and 
E), above 2.0 for more xeric types of higher eleva- 
tions, and between 1.0 and 2.0 for stands interme- 
diate in position. A shift in emphasis among the 
food-habit groups along the moisture gradient is 
one of the significant trends in the composition of 
foliage insect communities, though it is a trend much 
affected by elevation in the Smokies. The factor of 
most direct correlation may be dryness of the soil, 
making the environment less favorable for scavenger- 
ing and less productive of fungal food. The abietine 
forests of hemlock or spruce and fir, especially the 
hemlock station (EK) with its poorly developed herb 
stratum, seem more favorable for fungivores and 
seavengers than deciduous forests of comparable 
elevations. A general correlation of the food-habit 
ratio with the modernity ratio may be noted. 

DIVERSITY 

Wide variation in diversity, or richness in species, 
of different communities may often be observed in 
collecting. In the Smokies samples a thousand speci- 
mens from station L (beech forest) would contain 
about twice as many species as an equal number 
from station K (grassy bald). It may be of interest 
to determine what relation to environment is shown 
by this property of the samples. 

The frequency distribution of individuals in spe- 
cies, on which diversity is based, is a J-curve in 
which a small number of species are represented by 
large numbers of individuals, a large number of 
species by small numbers of individuals. The distri- 
bution superficially resembles a harmonie series. or 
a hyperbola, such as have been fitted to similar 
frequency distributions in human ecology (Zipf 
1949). The harmonic series fits species-individual 
data poorly, however, and was modified by Fisher 
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and Williams (Fisher, Corbet & Williams 1943, 
Williams 1947) into a form of geometric series 
giving a more reasonable fit for the insect collections 
tested. The Fisher series, 


n,x n,x? n,x? n, 
n, + 4 i = [ -— log, (l-—x)] 
» 9 - e 

4 x 


2 3 


and the index of diversity, a, in the relation, 


N 
S =a log, (1 a ) 
a 


are useful empirical descriptions of samples from 
natural communities. In these, n, is the number of 
species represented by a single individual, x is a 
constant ratio, S the total number of species, N the 
total number of individuals, anda a funetion of x 

N(i—x) 

x 

means of computing a are given in the two papers 
cited. 

The Fisher series, like the harmonic series, implies 
an excessive number of very rare species. The num- 


and N, a - Mathematical development and 


ber of species represented by a single individual 
tends to fall below that expected from the series, a 
difficulty accounted for in the curve developed by 
Preston (1948). Preston’s data, plotted in the man- 
ner of Fig. 10, appear as binomial or Gaussian curves 
on a logarithmic base—as “lognormal” curves. The 
resulting interpretation, that there are few very com- 
mon or very rare species and many middling com- 
mon ones, seems a reasonable and satisfactory one; 
and real diversity, the number of species in the com- 
munity, can be computed, given a very large sample. 
Insect community samples, however, are likely to be 
quite small for the rich universe being sampled. 
Samples like those of this study do not get over the 
hump of the binomial curve (Fig. 10); and the 
mathematics of such a curve cannot be computed for 
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Fic. 10. Species-individuals curves on a logarithmic 
base for the total determined sample, 9487 individuals, 
above, and for the average of 13 main samples, 9057 
individuals, below. The fitted curves are geometric 
series y=227 x .632"" and y=50.9 x .495"" with y the 
number of species in an octave and n the number of the 
octave. 
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them, while Fisher’s alpha can. Fisher’s index of 
diversity is used here as a practicable and reasonably 
satisfactory empirical measurement of diversity. 

Some limitations in the use of alpha may be ob- 
served. The index is reasonably constant for samples 
of different sizes taken under the same conditions, 
but not for samples widely different in size or taken 
under different conditions. The supplemental sta- 
tions, collected only once, cannot be compared directly 
with the others, collected three times, since alpha is 
larger the longer the period of collection. Possibility 
of direct comparison with other communities outside 
the Smokies is limited. Collections at a different 
season, or through a longer or shorter part of the 
season, or by different sampling methods would not 
be comparable. Alpha values computed for a differ- 
ent fraction of the community could not be compared 
directly (the Smokies values are based on Psocidae 
and Caeciliidae, most Heteroptera, Psyllidae and 
Fulgoroidea among the Homoptera, most Coleoptera 
except Curculionidae, Staphylinidae, Coccinellidae, 
and Lyecidae, and most Diptera except Tendipedidae, 
Fungivoridae, Psychodidae, Itonididae, Phoridae, 
and Heleidae). 

The alpha values, when computed (Table 7) and 
plotted on the vegetation chart, show no simple 
mesic-xeric pattern. Correlation with putatively fa- 
vorable environment, represented by mesic, low-ele- 
vation sites, is conspicuously absent. Averaging 
alphas of three mesic, three intermediate, and three 
xeric stations, we obtain the values 31.7, 40.2, and 
31.3. The greatest diversity is in neither mesic nor 
xerie communities, but in intermediate ones. Since 
the greatest diversity of the tree stand is not in cove 
forests but in intermediate (submesic) sites, this 
result is not unreasonable. A simple correlation be- 
tween alphas for foliage insects and tree stands, 
however, produced the highly unimpressive value of 
—0.098. An attempted correlation with undergrowth 
diversity was similarly unsuccessful. We need not 
assume a priori that maximum diversity is in ap- 
parently most favorable environments or that dif- 
ferent groups of organisms or different fractions of 
communities have maximum diversity under the same 
conditions. 

Stand diversity is negatively correlated with ele- 
vation, with the richer stands at lower elevations. 
Apparent insect diversity paradoxically increases 
upward toward less favorable environments where 
vegetational diversity is least. An explanation may 
be suggested in the foreshortened season of high 
elevations. Since the open season is much shorter at 
6,000 feet than at 1,500 feet, a larger proportion of 
the year’s population of species must be in flight at 
the same time. A given sample from the more com- 
pressed season of high elevations might be expected 
to be more diverse, other factors being equal; and it 
may be judged that the data do not give a valid 
indication of whether or not real diversity decreases 
toward higher elevations. 

No correlation of diversity with antiquity or mo- 
dernity is indicated. The balds, special communities 
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of reduced vegetational structure, have notably low 
diversities for their elevations. Diversity in these 
seems to parallel stratal development: 18.7 for the 
one-stratum grassy bald, 32.7 for the two-stratum 
heath bald, and 47.5 and 48.1 for high-elevation 
forests related to them. The balds are communities 
of extreme conditions in the Smokies, and their low 
insect diversities are consistent with the interpreta- 
tion that diversity is maximal in medial conditions 
and declines toward extremes. If such is the ease, 
with diversity declining even into the extremely mesic 
conditions of cove forests, the pattern of diversity 
as a trend corresponds to that of no other trend 
observed. 

FouiaGe Insect PRopuctivity 

In addition to the various breakdowns of the 
samples we may see what size of the samples as 
wholes tells us about foliage insect communities. As 
a final question it may be asked what relation foli- 
age insect productivity bears to environment and 
whether this relation is open to suitable quantitative 
treatment, which is to say prediction. 

For this part of the study the alcohol-preserved 
parts of the samples were combined with the winged- 
adult fractions to give figures for total numbers of 
invertebrate individuals (Table 8). These station 
totals have been treated in various ways to make 
them as nearly comparable as possible. Very large 
numbers of minute mites occurring at stations J, L, 
and L’ have been subtracted out as not being com- 
parable with larger insect individuals. Supplemen- 
tary station C’ has been multiplied by three to corre- 
spond to the main stations. In cases where extra 
sweep-series were taken (herbs and shrubs at H) or 
where fewer sweeps were taken (herbs at D and 
shrubs at G and L’ in the first visits) the numbers 
have been multiplied by factors to correspond to 
250 sweeps. Similar treatment has been applied to 
the tree-stratum samples, which varied somewhat 
above and below 250 sweeps. Trail-side herb sweeps 
for C, D, and E have been halved as a rough com- 
pensation for the lower population under the heath. 
All stations have been divided by 15 to give an indi- 
cated sweep-series population, the catch in an aver- 
age sample of 50 sweeps from each stratum repre- 
sented in the vegetation type. 

The resulting numbers are used to indicate foliage- 
insect productivity of the various stations but have 
some evident limitations for this purpose. These are 
populations in sweep-net samples, not in definite 
areas or volumes of natural communities. Samples 
from strata with different types of plants are not 
closely comparable. It is believed that the relation 
between sweep catch and stratal population is a 
rough one and a source of error in comparing rela- 
tive populations of any two dissimilar strata. It is 
also felt, however, that when three strata are used 
in most cases and stations compared by groups that 
this source of error may be largely averaged out. An 
additional limitation of the data is the fact that they 
measure the seasonal peak of productivity and not 
the annual sum. Because of the shorter season of 
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TABLE 8. Productivity data. 











= s a 
Station | BE SEIESS|<EE| 
| Ste EL|teLi/£EsS 
| | 5 Ee | 50m |ESS | 
xy | Xo X3 | | | | 
B 173 | 3000 | .36| 23 87 | 441 | 3 131 
C.........] 131 | 3200 | 1.94] 47 | 181 | 239 | 3 | 120 
C’ |} 100 | 2700 | 1.38] 5 114 | 319 3 116 
D iss | 4900 | 3.0+| 100 | 106 | 106 | 2 
E 148 | 4000 | .25| 11 80 194 3 | 144 
F.. 113 | 1500} 2.69) 42 | 33 | 14 | 3 | 93 
G. | 81 | 1500} 1.40) 16 | 18 201 | 2 104 
H.........] 214 | 5900 | .2+) 49 | 135 | 274 3 
gare 85+} 5600 | 1.5+/ 20 | 22 | 230 I 
J | 97 | 3500 | 2.81] 53 | 34 | 128 3 115 
K 67 | 5600 | 2.0+} 100 | 101 101 | 1 | 130 
Bivins 16s | 5400 | .00| 35 | 121 | 383 | 2 | 164 
L’ 159 | 5400 | .o1| 22 | 57 | 238 | 2 | 165 
M | 151 4400 o1| 46 76 | 257 | 3 | 151 
N 98 | 1500 | .30| 10 67 | 238 | 3 | ms 





1Through low tree stratum. 
2Including overlap of strata. 


higher elevations it cannot be assumed that there is 
any direct relation between early summer population 
level and annual productivity. 

It may also be observed that numbers of inverte- 
brate individuals are used, rather than mass of in- 
vertebrates caught, a perhaps more meaningful value. 
To obtain information on the relation between 
weights and numbers the winged-adult samples of 
six stations were weighed, species by species, for the 
data of Table 9. Numbers of very small insects are 
subject to error through loss of a greater percentage 
of these, and selection of specimens for mounting 
from all the samples except B’ (from essentially the 
same environment as B) may decrease relative num- 
bers in the heaviest weight-classes. In treatment of 
the data on linear scales the familiar pyramid of 
numbers appears as a J-curve of frequency distribu- 
tion, with many small insects and few large ones 
(Table 9). The pyramid should, in theory, have 
curvilinear slopes, with a tendency toward geometric 
decrease from one metabolic level to the next. The 
relation between insect numbers and weights on a 
linear scale, however, is neither geometric nor hyper- 
bolic. 

To summarize the data and indicate the nature of 
the distribution the numbers of insects are charted 
(Fig. 11) by octave weight-classes. The resulting 
individual-weight distribution, like the species-indi- 
vidual distribution, is suggestive of a lognormal 
curve, though not symmetrical. While the samples 
cannot be compared by arithmetic means of the orig- 
inal data, means in terms of the octaves can be com- 
puted (Table 9). These are closely similar and sug- 
gest that numbers of individual insects are a fair 
indication of the mass of insect life in the com- 
munity. The collecting impression that a larger pro- 
portion of heavier insects may occur in the warmer 
and drier communities is suggested by the smaller 
average and lesser extent into heavier weights of 
station H, but the data do not effectively indicate 
trends in weight distribution. 
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TABLE 9. Weight distributions for winged-adult in- 
sects in six stations. 
Weight, | | 
milligrams! B’ | D | F H J K | Total 
.0- .5....|1026 802 145 | 927 200 | 652 3762 
.5-1.0.. 149 169 35 | 180 71 56 660 
1-2.. 115 137 57 155 32 8 504 
2-3.. os ) @ 32 24 4 2 127 
34.. 11 me et wee ia ee 34 
4-5.. 22 69 ‘e 3 an ieee 94 
5-6. 5 £0 ; z a 12 97 
6-7. 20 3 23 
7-8.. 8 | 1 9 
8-9.. 19 1 | 11 
9-10. 4 4 
10-20. 11 1 : 12 
20-30. . 1 1 2 
30-40. . 1 1 
40-50. . 2 2 
50-60. . 1 1 
60-70.... . Rae Ve ae eee : 
70-80... 1 : Gee ee at 1 
Total...|1456 {1264 270 = |1293 312 749 =| 53844 


Means by _ es a Seale Pace 
octaves.| 4.33 3 | 4.18 | 3.70 | 4.15 | 4.17 | 
| | | 





When the total samples are broken down by strata 
and collecting visit, some tendencies in the size of 
these appear. Totaling the catches for the first, sec- 
ond and third series of sampling visits to the main 
stations separately gives 10,267, 11,102, and 8,975 
individuals, indicating that peak productivity was in 
the middle of the sampling period. The middle 
sample was largest for most of the individual sta- 
tions, the exceptions being H, E, and J, the three 
high-elevation coniferous stations, which had maxi- 
mum numbers in the first sample and a decrease 
through the second to the third, and the grassy bald 
K, where there was a contrasting increase from the 
first to the third. Stratal totals for all stations repre- 
sented by three strata give herbs 7,080 individuals, 
shrubs 5,618, and low trees 5,284. The progressive 
decrease toward upper strata suggests the greater 
entrance of forms rising from the soil into the herb 
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Fig. 11. Weight distribution curve for winged-adult 
foliage insects on a logarithmic base. 
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Fic. 12. Summer foliage insect productivities, 
actual sample sizes (season averages for catch in 
50 sweeps in each stratum represented), eastern 
forest type collecting stations. 


stratum, since the average mass or coverage of this 
stratum is less than that of the shrubs. In all sta- 
tions the herb sample was largest, although it is 
doubtful that such is true of populations under the 
dense heath in stations where trail-side samples were 
used. Shrub and tree samples tend to be of much 
the same size, with the former somewhat larger in 
most eases. 

A general picture of foliage-insect productivity 
may be obtained by plotting the station values on 
the vegetation chart (Fig. 12). In this a combined 
effect of moisture-balance and elevation is indicated, 
with the largest samples from high-elevation mesic 
communities. Productivity decreases along the mois- 
ture gradient: in the lower-elevation forests four 
mesie stations (B, M, E, N) average 142 individuals, 
five more xeric types (C, C’, G, F, J) average 104 
individuals.* Because of the change in food-habit 
ratios, a large part of the increase toward mesic sites 
would appear to be an increase in scavengers, many 
of them living in the soil as larvae. Apparent pro- 
ductivity increases also with elevation: in the forest 
samples F, G, and N of low elevations average 97, 
M, FE, and J of middle elevations 126, and H, L, 
and L’ of high elevations 181 individuals. Increase 
of real productivity with elevation is contrary to 
reasonable expectation; and increase of apparent 


* The difference is minimized by the sampling method which 
uses 50 sweeps from both the light tree-foliage column of the 
xeric stands and the much heavier foliage column of the mesic 
forests. 

















Fig. 13. Summer foliage insect productivities, 
predicted sample sizes as indicated by multiple cor- 
relation and the regression equation. 


productivity, like that of apparent diversity, may be 
attributed to the shorter season of higher elevations. 
In the shorter, more intense activity of the open 
season at high elevations the catch at the seasonal 
peak might well be expected to be larger than under 
comparable conditions at lower elevations. 


It may also be observed that the balds, with their 
reduced stratal structure, have smaller populations 
than related forest types. While moisture and ele- 
vation appear to be major determinants of pro- 
ductivity, various other factors—stratal structure, 
light penetration, undergrowth coverage, ete.—may 
be suspected of having effects partially independent 
of the major gradients, effects which cannot be judged 
by simple correlations. The actual basis of produe- 
tivity is an ecological problem of characteristic com- 
plexity. Two or more major factors and an uncer- 
tain number of minor ones, some independent of the 
major ones and others directly or indirectly related 
to them, act with differential effects on different frac- 
tions of communities to produce the result which is 
measured as over-all productivity or population level. 
One approach appropriate to multiple-factor causa- 
tion of this nature is the technique of multiple and 
partial correlations, by which some of the relations 
may be untangled. 

Five factors were chosen as the basis of correla- 
tion study, as indicated in Table 8. Elevation in 
hundreds of feet and moisture, represented by the 
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moisture-balance index,* were regarded as major 
factors. The latter value is considered a satisfactory 
expression of the effect of moisture factors on the 
community in the eastern forest types, but values 
could only be rather arbitrarily assigned to the 
spruce-fir and bald types by comparison of their 
sites. Undergrowth coverage of shrubs and _ herbs, 
ineluding overlap within and between strata and 
based on mapped quadrats at the stations, was used 
as an indication of the amount of foliage present. 
Light penetration through the canopy, measured at 
the ton of the shrub stratum, was checked as a pos- 
sible factor. Number of sweep-series taken, deter- 
mined by structure of the vegetation, was also 
checked as a factor which might have an influence 
on the results beyond that of the major factors. 

While the data would searcely justifv a multiple 
correlation with five factors, elevation and moisture- 
balance mav be used for a joint correlation and the 
possible effect of the other factors determined by 
separate partial correlations. Observed correlatien 
of sample size with elevation and moisture-balance, 
together, using the ten main eastern-forest stations, 
is .774, with a standard error of 19.4, a reasonable 
correlation and fair basis of prediction. The same 
correlation, using all 15 stations, is .555 with a 
standard error of 37.1. A decrease in reliability of 
the statement thus results from bringing in the sub- 
alpine forest and bald stations; productivity is more 
easily predicted within the simpler casual pattern of 
the eastern forest alone. 

Partial correlation of sample size with light pene- 
tration, using 15 samples and with elevation and 
moisture-balance controlled, is close to zero. The 
effect of light on productivity is thus a slight one in 
spite of the apparent negative correlation, resulting 
from the fact that decreased moisture supports a 
decreased insect population and also a decreased 
vegetational structure, admitting more light. The 
partial correlation of sample size with number of 
sweep-series, using 15 samples and with elevation 
and moisture-balanced controlled, is also approxi- 
mately zero. Although a simple correlation of sample 
size with number of stratal samples may be observed 
in the high-elevation stations, the results indicate 
that the collector’s choice of number of stratal 
samples was a negligible factor in influencing the 
results beyond the underlying effect of environment 
on vegetational structure. Partial correlation of 
sample size with undergrowth coverage is .06. using 
15 stations and with elevation and moisture-balance 
controlled. No definite effect of amount of under- 
growth coverage on productivity is indicated here 
beyond the effect of the major factors on which 
coverage is also partially dependent (tending like 
sweep-sample size to increase toward more mesi¢ 
sites and higher elevations, except where heath strata 
oceur). 

Sample sizes may be predicted on the basis of the 


* Computed by weighting tree stems in the stand according 
to moisture-gradient relations of species (mesics zero, submesics 
one, subxerics two, and xerics three) and dividing the weighted 
sum by the unweighted number of stems in the stand (Whit- 
taker 1948). 
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regression formula derived in the correlations.* 
(Table 8.) The predicted sample sizes are plotted in 
Fig. 13 for comparison with actual ones, and the 
same basie pattern of combined elevation and mois- 
ture-balance effects indicated. The errors of predic- 
tion are to be expected on two bases—limitations of 
the data and the residual effects of various minor 
factors not treated in the necessary selection and em- 
phasis of major ones. Decrease in total size of the 
foliage-insect community along the moisture gradient 
may be observed as a final trend in these com- 
munities. It is a trend which parallels vegetational 
productivity, the mass of plant life supported, as 
indicated by the total coverages for all strata (Table 
8). A major community trend, then, is decrease in 
amount of life supported with increasing dryness 
of environment. While a possible trend of decreas- 
ing annual productivity with elevation cannot be 
approached in the data, annual productivity should 
be as well subject to prediction with the method used 
as peak productivity. 
CONCLUSION 

Results of the study may serve to answer the ini- 
tial question about the value of sweep sampling. 
Data on species populations were obtained which, 
while not of high statistical accuracy, gave good 
indications of the distribution of some more common 
species. More reliable data on taxanomie distribu- 
tions were obtained, with the larger numbers _ in- 
volved, to show the differences in taxonomic com- 
position of communities. Association measurements 
could be effectively applied to samples of the size 
used. The data on trends. also based on measure- 
ments of the whole samples, appeared to justifv 
confidence in statements of trends as they appear in 
the Smokies. Sample sizes. finally, gave useful in‘i- 
‘ations of relative productivity, at least when treat- 
ment to control error in comparing individual sta- 
tions was used. Almost any population sample from 
a terrestrial community with the exception. perhans, 
of tree stems or singing birds. is a very imperfect 
sample. Even samples as imperfect as those taken 
with sweep nets, however, may give valuable results 
within their limitations. 

The results may also indicate something of the na- 
ture of order in natural communities. This order, 
which does not appear in organization into units, 
does appear in meaningful changes in communities 
with change in environment. Environment of a given 
stand is a pattern of intensities of environmental 
factors, to which is matched a corresponding com- 
munity pattern or structure. So to the moist, pro- 
ductive, ancient environment of the cove forests is 
matched a nematoceran-dominated, productive, primi- 
tive, and moderately diverse foliage insect com- 
munity. Environment on a broader seale, as of the 
mountain range as a whole, is a pattern of change 
in intensities and relative values of the various fae- 
tors of the local, site pattern. To this broader spa- 
tial or topographie pattern corresponds the com- 


* x,=98.55 4 .012x,—8.77x,. 
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munity pattern of trends or changes in species pop- 
ulations and community composition. So to the pat- 
tern of topographic environment in the Smokies 
corresponds the vegetation pattern developed and 
the pattern of animal communities, part of which 
has been studied in terms of foliage insect trends. 
The expression of environment in biological strue- 
ture, function, and response, the matching of organic 
pattern to environmental pattern, is adaptation, fa- 
miliar on the organism level, approached here on the 
community level. Since such patterning is central to 
the ecological sciences, it may well be a central con- 
cern in synecology. 

The salient feature in the pattern of foliage-insect 
community response to enironment in the Smokies is 
the series of trends along the moisture gradient. As 
one samples along the gradient from moist sites to- 
ward dry ones, one obtains samples which are pro- 
gressively smaller, as amount of plant food and 
amount of moist organic food in the soil decrease, 
with fewer scavengers and fungivores, as the food 
supply of these in particular decreases, and with 
relatively more herbivores as the others decrease. 
Along the same gradient the more mesic lower flies, 
ichneumonoids and proctotrupoids, Homoptera, Cor- 
rodentia, and Mecoptera decrease as the more xeric 
Polyphaga, advanced flies, chaleidoids and apoids, 
Heteroptera and Orthoptera increase; and the com- 
munities are progressively more modern as the latter, 
predominantly more advanced groups replace the 
former toward environments of greater stress of 
dryness. Along the gradient also there is a trend 
in richness in species, with diversity maximal in 
intermediate conditions and decreasing toward both 
extremes, even the favorable mesic extreme. It may 
be noted that environments which are most favorable 
for high productivity are not most favorable for 
high diversity and vice versa. There is no absolute 
standard of favorableness in synecology; and _ pre- 
sumably, if we are to define and think of favor- 
ableness in non-anthropocentrie terms, we must first 
define what, specifically, environment is to be fa- 
vorable for. 

Paralleling and underlying the insect community 
trends are those in vegetation. As one observes stands 
along the moisture gradient, mass of foliage sup- 
ported decreases toward drier sites and, as vegeta- 
tional productivity decreases, the canopy becomes 
thinner and more open, finally disappearing in the 
balds. As tree coverage decreases, shrub coverage 
increases in the increased light while coverage of 
herbs, in a kind of inverse relation to that of shrubs, 
decreases along the gradient to the driest extreme, 
where it increases finally in the grassy balds and 
pine forests. In composition the community changes 
from one of deciduous trees with few oaks, deciduous 
and non-ericaceous shrubs, and the delicate mull forbs 
and ferns, through forests predominantly of oaks, 
with ericaceous shrub layers and sparser herbs, to 
pine stands with more open shrub strata and partly 
grassy herb layers, or through oak forests and a 
shrubby border to a grass community in the balds. 
These trends, like those for insects, correspond in 
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part to broader geographic patterns. In vegetation, 
insect composition, and doubtless in the rest of their 
structure natural communities express with pro- 
gressive change their positions along the moisture 
gradient. 

Treated in this manner along a single gradient the 
community trends may seem fairly simple. The 
moisture gradient to which the trends are community 
responses is, however, a most complex gradient; and 
complex changes in various parts of the community 
to correspond to the complex changes in environ- 
mental pattern may be expected. The trends are 
convenient summaries of changes affecting differently 
the many different fractions of communities. Evi- 
dence of the underlying complexity and partial inde- 
pendence of the trends appears along the other 
major gradient, elevation, in the Smokies. All the 
trends are affected by elevation, with the different 
portions of each of the community fractions on 
which they are based and the different trends them- 
selves affected differently. Trends along the moisture 
gradient similar to those found in the Smokies must 
be general outside these mountains; but, with differ- 
ent environmental conditions affecting different local 
faunas, can scarcely be quite the same. Other 
trends must also exist—various trends in physiology 
and behavior, in more refined food-habit break- 
downs, in life-cycles and seasonal and diel rela- 
tions to environment, ete., may be expected but could 
not be approached. 

Study of species distributions further indicates 
the complexities which may be conveniently sum- 
marized in broader community patterns. Underlying 
the summarized statements on community composi- 
tion one finds a kind of chaos in species distributions. 
As was found with plants, each insect species has its 
own individual pattern of distributional response to 
physical environment and other organisms. No two 
are alike, and most appear as binomial figures taper- 
ing into one another in a complex continuum of pop- 
ulations. The relation in time of these populations 
may be thought to be similarly diverse. These are 
unstable populations running through irregular an- 
nual cycles (Shelford 1951); their variation from 
year to year is familiar collecting experience. In 
their relation to the environmental pattern, as repre- 
sented by the vegetation chart, for example, they 
may be conceived of as constantly pulsing, shifting 
to some extent in outline and position, though having 
some continuity of form, like so many shadows east 
by flickering and wavering candles. With the loosely 
ordered relations of these populations in space and 
time it may be judged how far synecological reality 
at the species level lacks simple orderliness. 

Below the order of general community patterns 
and trends is the disorder of species patterns, as be- 
low the level of possible generalization and predic- 
tion in other fields is the disorder of individual 
events. Statements about natural communities have 
almost necessarily a statistical character, whether or 
not conventional statistical treatment is used; the 
statements are summaries of diverse, partially inde- 
pendent, partly conflicting, individual events or dis- 
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tributions. If a single, central interpretation is to 
be drawn from the two Smokies studies, it may be 
said that the reality of synecology is a statistical 
reality, loosely ordered in terms of centers, trends, 
population patterns, and loose distributional and 
functional groupings, and not an Aristotelian reality, 
highly ordered in terms of units. In the loosely 
ordered, complexly patterned, multiply determined 
reality with which it deals synecology perhaps most 
resembles sociology. The synecologist need no more 
than the sociologist apologize for the difficulty of his 
field, the necessary limitations of his data, statistical 
involvements of his work, partial indeterminacy of 
his results, and the slowness and laboriousness of 
progress. 

The reality of species distributions, of which it 
can be shown whether with plants or animals, by 
local analysis or geographic patterns, that no two 
are alike, is not of a nature to inspire confidence 
in the units of traditional ecology. Criticism of the 
use of such units need not follow from this observa- 
tion. Species can be grouped by their centers or 
modes into working associations even if these are 
fundamentally arbitrary groupings and not units. 
Some division of a community continuum into pieces 
to be treated as working units is necessary and de- 
scription of these desirable. Of the traditional units 
—life-zones, formations, associations, unions, biomes, 
biotic provinces, ete.—it may be judged that none 
has any special claim to general validity. Their 
justification is not validity, which they lack as units, 
but usefulness. Each may serve as a grouping of 
organisms or communities by some criteria for some 
purpose with validity equal to (and as limited as) 
that of some other grouping for some other purpose. 
An attitude of eclecticism and pragmatism seems 
appropriate toward these groupings of expedience; 
whichever one or combination is best suited to a 
given problem, or whatever grouping may be de- 
vised to best fit the problem, is no doubt the right 
one for that purpose. 

But apart from any of these, other approaches, as- 
suming nothing of community units, are possible 
and are far more productive for some purposes. 
Natural communities may, with especial effectiveness, 
be analyzed along environmental gradients—the 
“oradient analysis” approach of the Smokies studies 
(Whittaker 1951). Objectives of its use in this study 
have been to show something of the real nature and 
complexity of species distribution and the possi- 
bilities of approaches not based on traditional units. 
It is felt that both the difficulties and possibilities 
are indicated by the results for the community frac- 
tion dealt with. 


SAMPLING STATIONS AND COMMUNITIES 


BASIS OF GROUPING 

Description of the foliage insect communities of 
the Smokies, while not a primary objective, may 
serve some useful purposes. It is not in the least in- 
tended that the descriptions should be complete. 
They apply only to foliage insect communities as 
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represented in daytime sweep-samples in the early 
summer, and include only over-all composition and 
a few most important species. Many of the insects 
are at present indeterminable, including some fami- 
lies of small flies which are among the most numer- 
ous of insects in the communities. Enough of the 
insects are determined, however, to permit some 
description in terms of major species. 

It may be recalled that the communities are in no 
sense distinct units. .A most diverse population of 
insect species exists in the Smokies, each with its 
own distribution relative to environmental gradients 
and plant communities. From this diverse over-all 
population the specific environmental conditions of a 
given site and stand select some blend of species 
populations. Species will be mentioned where they 
occurred at high enough population levels to seem 
noteworthy, but by this it is never implied that a 
species “belongs” to some particular community. 
Species with similar distributions, so that they are 
abundant in some of the same samples, may be 
thought of as community groupings, if not units. 
The underlying conception of such groupings is the 
statistical conception of association—the commodium 
(Whittaker 1948), a group of species having their 
modes more or less close together in environment, so 
that they tend to be abundant together. The species 
which have their maximum abundance somewhere, 
at some elevation, in the diverse stands grouped as 
cove forest and taper independently into other types 
may, for example, be regarded as such as arbitrary 
cluster or grouping. 

Because adjacent communities have very closely 
similar species lists, there is no need of describing 
separately each of the stations and communities 
sampled. The grouping of stations is based on the 
grouping of climax vegetation types in the previous 
study: 

I. Eastern Forest System 

A. Mesic, non-quercine forests 

1.Cove hardwoods forest—Stations A, B, M, 
and N 

2. Eastern hemlock forest—Station E 
3. Gray beech forest—Stations L and L’ 

B. Intermediate, oak forests 
4. Red oak-pignut hickory forest—Station G 
5. Chestnut oak—chestnut forest—Station C’ 
6. Chestnut oak—chestnut heath—Station C 
7. Red oak-chestnut forest 
8. White oak-chestnut forest 

C. Xeric. pine forests 

9. Virginia pine forest—Station F 

10. Pitch pine heath 

11. Table mountain pine heath—station J 

D. Extreme exposure type 

12. Grassy bald—Station K 
IT, Boreal Forest System 

A. Subalpine forests 

13. Red spruce forest ) 

14. Fraser fir forest 

B. Extreme exposure type 

15. Heath bald—Station D 


Stations H and H’ 
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The association indexes in general support such a 
grouping, although they could also support a group- 
ing by elevations across the classification above. The 
more conventional grouping has been preferred, and 
the communities to be described are: 

1. The mesic, cove forest grouping with eastern hem- 
lock and gray beech as special types, stations A, 
N, B, M, E, L, and L’. 

2. Subalpine forests, the red spruce—Fraser fir stands 
of stations H and H’. 

3. Intermediate, oak forests, including oak—hickory 
and oak—chestnut heath and forest, stations C, C’, 
and G. 

4. Xeric pine forests and pine heaths, stations F and 
J. 

5. The balds, extreme exposure types, stations K 
and D. 

THE Cove Forest GROUPING 

Mesie sites in the Smokies, outside the spruce-fir 
belt, are occupied by the variety of forests which 
may be grouped as cove forests and related types. 
The principal canopy trees are yellow buckeye 
(Aesculus octandra Marsh.), white basswoods (Tilia 
heterophylla Vent.), silverbells (Halesia monticola 
(Rehder) Sarg.), sugar maples (Acer saccharum 
Marsh.), eastern hemlock (Tsuga canadensis (L.) 
Carr.), tulip tree (Liriodendron tulipifera L.), yel- 
low. birches (Betula allegheniensis Britton), and 
beeches (Fagus grandifolia Ehrh.). Individual stands 
are usually dominated by some combination of these 
(almost any combination can be encountered some- 
where in the mountains), together with a number of 
other species. In both canopy and undergrowth com- 
position these forests, of the mixed mesophytie 
grouping, resemble the ancient Arctotertiary forests, 
their affinities with which have been indicated by 
Braun (1941, 1947) and Cain (1943). 

Some of the major changes with elevation and site 
are indicated by the seven samples chosen. Low- 
elevation stands are often highly mixed, with tulip 
tree, umbrella magnolia (Magnolia tripetala L.) Car- 
pinus (Carpinus caroliniana Walt.), flowering dog- 
wood (Cornus florida L.), and white beech* as low- 
elevation species, in mixture with the rest of the 
major dominants and various other species. Station 
A is such a stand in the Cumberlands, with white 
beech the most important species, N a highly mixed 
stand in the Smokies. Other stands in coves at 
middle elevations are less rich in tree species but 
have a highly developed herb stratum. These stands 
are as beautiful deciduous forests as are to be en- 
countered anywhere, with an open, spacious appear- 
ance given by the large and widely spaced tree 
stems bearing the canopy far above the rich herb 
earpet, with little intervening undergrowth. Station 
B is a stand of this type. At still higher elevations, 
toward 4,000 feet, woody undergrowth becomes well 
developed with shrubs and many small stems of 
mountain maple (Acer spicatum Lam.) Red beech 


_* The three beeches of the eastern United States are dis- 
tinguished as ‘“‘white,”’ “red,” and { 
(see Braun 1950). 
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and black cherry (Prunus serotina Ehrh.) enter the 
stands, while eastern hemlock is increasingly segre- 
gated out into sites less mesic than the coves, leav- 
ing many of the stands, like station M, purely de- 
ciduous. 

The hemlock stands above the coves are com- 
pletely different in appearance. Large hemlock stems 
may very strongly dominate the canopy, with some 
deciduous trees, mainly yellow and sweet birch (Be- 
tula lenta L.), Fraser magnolia (Magnolia fraseri 
Walt.), and silverbell still present, however. The 
undergrowth may be strongly dominated by Rhodo- 
dendron maximum L., forming a high heath layer of 
tangled stems one and two inches in diameter. Un- 
derneath the Rhododendron, in the rather dry and 
sterile soil formed by its leaves and those of hem- 
lock, the herb stratum may be practically non-exist- 
ent. Station E was in one of these hemlock stands 
of steep slopes of higher elevations. 

Above about 4,500 feet other changes in the mesic 
forests appear. In the range of spruce this species 
may enter, and the stands grade upward into sub- 
alpine forest. Outside the range of spruce or where 
ravines or slopes lead up into saddles or gaps, how- 
ever, grav beech is usually dominant in mesic stands 
above 4,500 feet. Stands of small, low trees, few 
with stems over 15 inches dbh., are formed. On 
north-facing slopes the stands have undergrowth 
much like that of the cove forests below them. 
South-facing slopes below the same gaps may have 
stands which are almost pure beech, with practically 
no true shrubs, and with a meadow-like growth of 
sedges interspersed with other herbs for under- 
growth. The appearance of these stands caused 
them to be aptly described as beech orchards by the 
mountain people. The conspicuously different north- 
and south-slope alternes were sampled as _ stations 
L’ and L. 

The cove forests themselves (A, B, M, and N) 
impress one as rich collecting grounds for insects. 
It is true that the measured diversity is scarcely 
larger than that of the pine forests and not so large 
as that of oak forests; but these stands are highly 
productive of foliage insects, compared with other 
types of similar elevations. Since the forests are of 
an ancient type (or rather have not changed so 
greatly since the Tertiary as other vegetation), an 
insect fauna of low modernity might be expected 
to have persisted in the relatively moist and stable 
environment of the coves. As is the ease in other 
foliage insect communities of low modernity in the 
Smokies, the Nematocera or more primitive flies tend 
to outnumber any other order or suborder and to 
outnumber all other fly groups together. The more 
numerous families of the Nematocera, in their ap- 
proximate order of importance, are the Fungivori- 
dae, Tendipedidae, Heleidae, Tipulidae, Lycoriidae, 
Psychododiae, and Itonididae. Some of the most 
numerous species in the samples are among these 
undetermined families. Of the tipulids, however, 
Austrolimnophila toxoneura (0. S.), Atarba picti- 
cornis O. §., and Dolichopeza carolus Alex. were 
most widespread and numerous among the eighteen 
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species taken. The distinctive black-and-white ten- 
dipedids of the genus Chasmonotatus were also char- 
acteristic of these and other mesic types. 

Other important families of Diptera included the 
Dolichopodidae, with Diaphorus leucostomus Lw., 
Xanthochlorus helvinus Lw., Gymnopternus laevi- 
gatus (Lw.) numerous in herb sweeps, the Phoridae, 
and the Empididae, with Leptopeza compta Coq. the 
only species in all stations. A rhagionid, Rhagio 
rertebratus (Say), and a lauxaniid, Minettia lupu- 
lina (F.), occurred in several of the sweep series; and 
drosophilids, Scaptomyza terminalis (Lw.) and gra- 
minum (Fall.) ete., were increasingly important 
toward higher elevations. Among the larger and less 
numerous flies the asilids Dioctria albius Walk., 
Asilus flavofemoratus Hine, and Lanhria_ sicula 
McA., and the syrhpids Temnostoma apiforme (F.), 
Didea larus O. S., Epistrophe cinctellus (Zett.), and 
Melanostoma pictipes Big. and angustatum Will.. the 
muscids Phaonia serva (Meig.), Mesembrina resplen- 
dens Wahlb., Hylemya alcathoe (Walk.). Pegomya 
winthemi (Meig.), and Phaonia fusca (Stein), and 
the dorilaid Dorilas ater (Meig.) were taken, most 
of them by cruising only. 

Tchneumonoidea and Proctotrupoidea are strongly 
preponderant among Hymenoptera. with small frac- 
tions of Chalcidoidea and Cynipoidea and few bees. 
Ants were few in the samples, except that of station 
B. Heteroptera were not numerous as a group, being 
below 4 percent of the winged-adult fraction in all 
cove forest samples. A mirid. Neolygus belfragii 
(Reut.) and a lygaeid, Pachybrachius basalis (Dall.), 
were the most numerous species. The Homoptera 
are fairly numerous, 8 to 12 percent excluding aphids 
outside station N, with the cicadellids perhaps the 
largest single insect farrilv. Agalliovsis novella 
(Say), Hupteryx flavoscuta Gill. and vanduzeei Gill., 
Empoasca spp., Granhocephala coccinea (Forst.), 
and Typhlocyba rubriocellata Mall. were the major 
leafhopper species. 

The beetles formed less than 15 pereent of the 
winged-adult samples. except in N. with no families 
consistently important except the Chrvsomelidae, in- 
cluding Xanthonia decemnotita (Sav). Baliosus 
ruber (Web.), Anonlitis inaequalis (Web.), and 
Chalepus dorsalis Thunb. Other fairly numerous 
beetles were the elaterid Athous acanthus (Say), the 
nitidulid Meligethes aeneus (F.), and the very large 
numbers of the mordellid Anaspis rufa (Say) taken 
on Hydrangea in bloom at station M. 

Winged Corrodentia, both Psocidae and Caecilii- 
dae, were rather conspicuous in the cove forest 
samples, with Polynsocus corruntus (Hagen) and 
Caecilius sp. much the most numerous. Rather small 
numbers of Mecoptera (Bittacus apicalis Hagen and 
pilicornis Westwood, Panorpa nebulosa Westwood, 
and Brachynanorpa carolinensis (Banks) ) were chor- 
acteristic. Phalangids and Collembola were fairly 
abundant. and from the ground stratum millipedes 
and small snails (Columella sp.) tended to be picked 
up in the sweeps. 

The sample from station E in the hemlock forest 
was much like that from cove forests of comparable 
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elevations, as indicated by the association measures. 
This similarity was a source of some surpr:se, con- 
sidering the coniferous canopy, dense evergreen 
heath layer, and insignificant herb stratum, all in 
striking contrast to the cove forests. There is scarcely 
any basis on which the similarity of E to M and B 
could be predicted, except the fact that all happen 
to be mesie forests of middle elevations. Like the 
cove forest samples, that of station E had low mo- 
dernity, a high proportion of scavengers and fungi- 
vores, and a large proport:on of Nematocera. 

The diversity of the sample was moderate or fairly 
high for its elevation, in spite of the apparent flo- 
ristic impoverishment compared with the cove forests. 
Productivity of the “herb” or ground stratum is ques- 
tionable, but that of the sparse vegetation along the 
trail compared very well with the high herb-level 
productivity of cove forests. Some indication that 
the herb-level population is considerable appeared in 
the late afternoon of June 15, when small flies (He- 
leidae) rose in such numbers as to seem to fill the 
air to a height of a meter or more on each side of 
the trail. Fifteen quick sweeps in this dipteran 
ground-mist yielded 99 flies which, by the usual ra- 
tio, suggests a density of around 330 dancing flies 
per meter square. Shrub- and low tree-stratum in- 
sect productivities also are high for the elevation of 
the stand. 

The Nematocera formed a larger fraction (27 per- 
cent of the winged-adult sample) of the insects than 
at any other station except H but did not outnumber 
other flies. The proportion of flies in the sample 
was consequently very high; only in this station and 
H did they form an actual majority of the winged- 
adult community. Fungivoridae and Heleidae were 
most numerous among these, along with Phoridae, 
Dolichopodidae (Diaphorus leucostomus, Sympycnus 
frontalis (Lw.), Hercostomus frequens (Lw.)), and 
Empididae (Lentopeza compta, Anthalia bulbosa 
(Mel.), ete.). Tipulidae were present in considerable 
variety, none of them very numerous. The lauxaniid 
Minettia lupulina was quite numerous, and larger 
flies recorded included the syrphids FE pistrophe gros- 
sulariae (Meig.), Melanostoma angustatum, and Syr- 
phus rectus O. S. and ribesii var. vittafrons Shan., 
the muscids Hylemya alcothoe, Mesembrina resplen- 
dens, Dendrophaonia hilariformis (Stein), Lim- 
nophora (Spilogona) parvimaculata Stein, Phaonia 
bysia (Walk.) and apicata (Joh.), and Fannia mani- 
cata (Meig.) 

Among the very low proportion of beetles (4 per- 
cent) none were numerous. Among Hemiptera the 
mirids Monalocoris filicis (L.) and Neolygus laureae 
(Kngt.), the psyllid Psylla striata Patch, and the 
cicadellid Eupteryx flavoscuta were abundant. The 
psocids Polypsocus corruptus and Caecilius sp. were 
quite numerous here, as in the cove forests; and 
Peripsocus quadrifasciatus (Harris) was also com- 
mon. Panorpa nebulosa was the only mecopteran 
recorded. In abundance of Collembola and Phalan- 
gida and scarcity of ants and bees the sample re- 
sembled the cove forests. 

The samples from the gray beech forests differ 











a 


notably from those of the cove forests in some re- 
speets, in spite of the close relation and similar ap- 
pearance of the stands. Their modernity ratio is 
rather high and the proportion of Nematocera quite 
low, only 10 percent, while the cicadellids are con- 
spicuously abundant. The proportion of chalcido'ds 
is high, as in some of the xeric forests. In other 
respcets they are like the cove forests and spruce-fir 
forests, with a low proportion of Coleoptera, fairly 
numerous Phalangida and Collembola, and few ants 
and bees. In diversity they are moderately high for 
their elevations, L being closely comparable to H. 
There is little appearance of faunist'e impoverish- 
ment in spite of the high elevations. Their apparent 
foliage-insect productivity was also quite high. In 
food-habit ratios they seem rather intermediate be- 
tween the mesic cove forests and more xeric types, as 
in some other characteristics. 

The dipteran community is distinctly more mod- 
ern, with Schizophora outnumbering Nematocera. 
Tendipedids and tipulids are still abundant among 
the latter, with Austrolimnophila toxoneura, Prolim- 
novhila areolata (O. S.), Erioptera fultonensis 
(Alex.), Ormosia townesi Alex., and Dolichopeza 
walleyi (Alex.) most numerous among the consider- 
able variety of crane-flies. Other abundant fly fami- 
lies inelude the Drosophilidae, with Scaptomyza ter- 
minalis very numerous and Scaptomyza graminum 
also common, the Empididae with Leptopeza compta, 
Hybos slossonae Coq., Platypalpus mimus Mel. and 
others, Dolichopodidae, Dolichonus dorycerus Lw., 
Gymnopternus laevigatus, ete., Muscidae, Pycnoglossa 
pusillans Huck. Coenosia atrata (Walk.), Coenosia 
(Hoplogaster) nigritarsis (Stein), Hylemya cilicrura 
(Rond.), ete., and Lauxaniidae, Minettia lupulina, 
ete. 

Other flies of note were the syrphids Melanostoma 
pictipes, angustatum, and obscurum (Say.) and 
Sphegina keeniana Will. and the rhagionids Rhagio 
vertebratus and gracilis (Johns.). Males of a balloon- 
ing empid (Empis n. sp.) courting on their balls 
of foam were one of the most familiar sights of these 
forests. 

Among the beetles Chrysomelidae (Syneta fer- 
ruginea (Germ.), Chalenus dorsalis, Oedionychis 
limbalis subvittata Horn, and Anoplitis inaequalis), 
and Nitidulidae (Brachypterus urticae (F.)) were 
fairly numerous, and the mordellid Anaspis rufa and 
elaterid Athous acanthus were common. Important 
Hemiptera included the mirids Neolygus fagi Kngt. 
and belfragii, and Monalocoris filicis and the lygaeids 
Cymus angustatus Stal and Pachybrachius basalis. 
Chaleidoids outnumbered the other wasp superfami- 
lies, as in no other deciduous forest samples. One 
of the most distinctive features of the samples was 
the very large population of leafhoppers. Eupteryx 
flavoscuta and Evacanthus interruptus (L.) exceeded 
25 and 15 individuals per set of 50 sweeps in some 
series; and Forcipata loca De L. and C. approached 
50 per set of sweeps in the first sample from L, while 
Oncopsis variabilis (Fh.) and Thamnotettix simplex 
(H.-S.) were also quite common. The samples were 
distinctive also in the extreme populations of small 
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mites, averaging around 240 per sweep-series in L 
and 40 per sweep-series in L’. The psocids Caecilius 
sp. and Polypsocus corruptus oceurred in small num- 
bers in the samples, and of the scorpion-flies only 
Panorpa nebulosa was recorded. 

STATION A, Mixed Mesophytic Forest or Cove Forest, Ken- 
tucky Ridge State Forest. On a lower slope, west at 25°, 1200 
ft., June 11, 1947. 

Closed forest canopy of mixed hardwoods: White beech 90, 
Carpinus 27, Red maple (Acer rubrum L.) 19, Eastern hem- 
lock 12, Big-leafed magnolia (Magnolia macrophylla Michx.) 12, 
Sugar maple 10, Yellow buckeye 6, Sour gum (Nyssa sylvatica 
Marsh.) 5, Cucumber tree (Magnolia acuminata L.) 4, Tulip 
tree 4, Sweet birch 3, Northern red oak (Quercus borealis var. 
maxima (Marsh.) Ashe) 3, Sassafras (Sassafras albidum (Nutt.) 
Nees.) 3, Flowering dogwood 1, Yellow birch 1, Hickory 
(Carya sp.) 1, American holly (Ilex opaca Ait.) 1, White bass- 
wood 1, White oak (Quercus alba L.) 1. Total—204. 

Shrub stratum little developed as such, low coverage of 
Lindera benzoin (L..) Blume and Rhododendron maxim: m, but 
fairly high coverage (20-50%) of transgressive species. 

Herb stratum well developed, coverage 20-60%, with highly 
mixed stand of mesophytic herbs. 

STATION B, Middle Cove Forest, Great Smoky Mountains 
National Park, Tenn. in valley of Porter Creek above Green- 
brier Cove. (83° 23” W, 35° 40’ N.) Sampled on June 13, 
24, July 20. Floor of valley on east side of stream, slope 
westerly, 10-18°, 3,000’ elev. 

Closed forest canopy of moderate density (coverage 98%). 
Stand count for approximately .25 hectare: Eastern hemlock 
50, Sugar maple 44, Silverbell 43, White basswoods 34, Witch- 
hazel (Hamamelis virginiana L.) 22, Yellow birch 16, Red 
maple 9, Yellow buckeye 8, Sweet birch 8, Tulip tree 3, White 
ash (Fraxinus americana L.) 3, Chestnut, dead (Castanea den- 
tata (Marsh.) Borkh.) 3, Cucumber tree 2, Northern red oak 
1, Cladrastis (Cladrastis Ivtea (Michx. f.) K. Koch) 1, Ostrya 
(Ostrya virginiana (Mill.) K. Koch) 1. Total—248. Stems 
10” dbh. and over: Sugar maple 12, White basswcods 6, 
Yellow buckeye 4, Eastern hemlock 3, Silverbell 3, Red maple 
2, Dead chestnut 2, Yellow birch 1, Sweet birch 1, Cucumber 
tree 1, White ash 1. 

Shrub stratum not highly developed, coverage variable, be- 

low 5% for true shrubs, but with 29% transgressive tree 
seedlings. Rhododendron maximum, Hamamelis virginiana, Py- 
rularia pubera Michx., Hydrangea arborescens L. and _ seed- 
lings. 
_ Herb stratum’ well-developed, coverage 40%: Dryopteris 
spinulosa var. intermedia (Muhl.) Underw. and D. noreboracensis 
(L.) A. Gray, Athyrium thelyptroides (Michx.) Desv., and 
var. asplenioides (Michx.) Farw., Urtica canadensis L., Aster 
divaricatus L., Trilliitm = erectym var. albiforum R. Hoffm., 
Eunonymus obovatus Nutt., Osmorhiza longistylis (Torr.) DC., 
Aristolochia macrophylla Lam., Caulophyllvm thalictroides (L.) 
Michx., Cimicifuga racemosa (L.) Nutt., Smilacina racemosa 
(L.), Desf., Galiunm triforum Michx., Viola sp., Hepatica acuti- 
loba DC., Polygonum virginianum L., Polystichum acrostichoid’s 
(Michx.) Schott., Parthenocissus quinquefolia (L.) Planch., 
Medeola virginiana L., Goodyera prbescens (Willd.) R. Br., 
Solidago sp., Stellaria pubera Michx. 

STATION M, Upper Cove Forest, Rainbow Falls Trail from 
Cherokee Orchard to Mt. LeConte, Great Smoky Mountains 
National Park, Tenn. (83° 28’, W, 35° 40’ N). Narrow flats 
of ravine with flowing stream, orientation NW at 15°, elev. 
4400 ft., June 28, July 12, 21. 

Closed but not dense forest cover (95%). Stand count for 
-2 hectare: Yellow buckeye 38, Mountain maple 86, Yellow 
birch 19, Red beech 7, White basswoods 2, Northern red oak 
1, Service berry (Amelanchier laevis Wiegand) 1, Sugar maple 
1, Total—155. Stems 10” and over: Yellow buckeye 18, 
Yellow birch 13, Red beech 1, White basswood 1, Northern red 
oak 1. 

Moderate coverage (19%) of shrubs, Hobblebush (Viburnum 
alnifolixm Marsh.) most important, with Hydrangea arborescens, 
Cornus alternifolia L. f., and Ribes cynosbati L. 

High coverage (55%, locally up to 80%) of herbs: Eupa- 
torium rugosum Houtt., Impatiens pallida Nutt., Cimicifuga 
racemosa, Eunonymus obovatus, Allium tricoccum Ait., Aster 
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divaricatus, Solidago glomerata Michx., Veratrum parviflorum 
Michx., Osmorhiza longistylis, Cavlophyllum thalictroides, Cir- 
caea alpina L., Athyrium thelyptroides var. asplenioides, Thalic- 
trem polygamum Muhl., Urtica canadensis, Rudbeckia laciniata 
Polypodium vir- 


L.. Monarda didyma L., Lilium superbum L., 


ginianum L,, Fetusca obtvsa Spreng. 

STATION N. Low-elevation Cove Forest, on Fighting Creek 
Park Headquarters, Great Smoky Mountains National 
Lower NW slope above 


near 
Park, Tenn. (83° 33’ W, 35° 41’ N). 
stream, 35° inclination, 1,500 ft. elev. June 28, July 8, 16. 

Closed forest of mixed hardwoods. Stand count for .25 
hectare: Eastern hemlock 43, Carpinus 57, Flowering dogwood 
50, White basswoods 23, Sugar maple 23, Sweet birch 23, 
Yellow buckeye 16, Bitternut hickory (Carya cordiformis 
(Wang.) K. Koch) 13, Silverbell 12, Northern red oak 9, 
White beech 8, Yellow birch 3, Red maple 4, Striped maple 
(Acer pensylvanicum L.) 4, Fraser magnolia 3, American 
holly 3, Pignut hickory (Carya glabra (Mill.) Sweet) 2, Small- 
fruited hickory (Carya ovalis (Wang.) Sarg.) 1, Tulip tree 1, 
White ash 1, Sassafras 1, Umbrella magnolia 1. Total—312. 
Stems 10’ and over: Eastern hemlock 13, While basswoods 5, 
Sweet birch 2, Silverbell 2, White beech 2, Northern red oak 
1, Small-fruited hickory 1, and Tulip tree 1. 

Moderate coverage (26%) of shrubs: Leucothoé catesbaei 
(Walt.) A. Gray, Eunonymus americanus L., Hamamelis vir- 
giniana, Smilax rotundifolia L. 

Herb stratum not highly developed—7% coverage, together 
with 19% coverage of Mitchella repens L. on the ground: Dry- 
opteris spinulosa var. intermedia, Polystichum acrostichoides, 
Adiantum pedatum L., Actea alba (L.) Mill., Yiarella cordi- 
folia L., Polygonatum pubescens (Willd.) Pursh, Smilacina 
racemosa, Trillium erectum var. albiforum, Aristolochia macro- 
phylla, Prenanthes trifoliolata (Cass.) Fern. 

STATION E. Eastern Hemlock Forest, Trillium Gap Trail 
from Greenbriar Cove to Mt. LeConte. Steep (30-35°) north- 
east slopes, 4,000 ft. elev. (83° 25’ W, 35° 40’ N). June 15, 
29, July 13. 

Forests with a closed, but not dense coverage (96%). Stand 
count for .1 hectare: Eastern hemlock 39, Sweet birch 14, 
Fraser magnolia 10, Yellow birch 8, Red maple 2, Striped 
maple 2, Silverbell 2, Fire cherry (Prunus pennsylvanica L. 
f.) 2. Total—79. Stems over 20’ dbh.: Hemlock 11, Yellow 
birch 2, Red maple 1. 

High shrub coverage (70%) of Rhododendron maximum, 
with Rhododendron catawbiense Michx., Leucothoé catesbaei. 

Herb stratum practically non-existent, with coverage much 
below 1%. Polypodium virginianum and Dryopteris spinulosa 
var. intermedia on fallen logs and tree bases. 

STATION L. Gray Beech Gap Forest, south-slope type, 
Double Springs Gap near Silers Bald on the Appalachian Trail 
west from Clingmans Dome, Great Smoky Mountains National 
Park, Tenn. (83° 33’ W, 35° 34’ N). Concave, sheltered 
slope of a saddle, exposure south at 30°, 5,400 ft. elev. June 
23, July 2, 18. 

Closed canopy of small beech trees. Stand count for .1 hec- 
tare: Gray beech 205, Yellow buckeye 7. Total—212. Stems 
10” and over: Gray beech 15 and Yellow buckeye 2. 

Shrub stratum absent, except for 20% transgressive beech 
seedlings. 

High herb coverage (95%) of sedge, Carex aestivalis M. A. 
Curtis, with scattered forbs and ferns (11% coverage): Athy- 
rium thelyptroides var. asplenioides, Aster divaricatus, Pre- 
nanthes altissima L., Solidago sp., Urtica canadensis, Arisaema 
quinatum (Nutt.) Schott., Thalictrum polygamum, Impatiens 
pallida, Rudbeckia laciniata, Smilax herbacea L., Thaspium tri- 
foliatum (L.) A. Gray, Angelica triquinata Michx., Hypericum 
punctatum Lam., Houstonia serpyllifolia Michx., Viola sp. 

STATION L’. Gray Beech Gap Forest, north-slope type, 
Double Springs Gap near Silers Bald on the Appalachian 
Trail, west from Clingmans Dome, Great Smoky Mountains 
National Park, Tenn. (83° 33’ W, 35° 34’ N). Sheltered, 
cencave slope of a saddle, on opposite side from Station L, 
exposure N at 28°, 5,400 ft. elev. June 23, July 2, 18. 

Closed canopy of small beech trees. Stand count for .1 hec- 
tare: Gray beech 110, Mountain maple 52, Service berry 14, 
Yellow birch 3, Yellow buckeye 3, Mountain ash (Sorbus ameri- 
cana Marsh.) 3, Striped maple 2, Sugar maple 1. Total—188. 
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Stems 8’’ and over: Gray beech 16, Service berry %, Mountain 
ash 2, Yellow birch 1, and Sugar maple 1. 

including 4% 
beech), with Viburnum alnifolium, Cornus alternifolia, Hy- 


Low shrub coverage (10% transgressive 


drangea arborescens, and Ribes rotundifolia Michx. 
Well-developed coveraze (43%) of herbs and ferns, witn 
Cimicifuga racemosa, Athyrium thelyptroides and var. aspleni- 
oides, Urtica canadensis, Impatiens pallida, Eupatorium rugo- 
sum, Carex aestivalis, Rudbeckia laciniata, Streptopvs roseus 
Michx., Aster divaricatus, Smilacina racemosa, Arisaema quina- 


tum, Smilax herbacea, Angelica triquinata, Eunonymus obovatus. 
SUBALPINE FORESTS 

Spruce-fir forests are absent from the southwest 
half of the range, their survival of the xerothermie 
period apparently having heen dependent on _ the 
peaks over 6,000 feet in the northeast half (Whit- 
taker 1948). Where they oceur, however, all sites 
above about 4,500 feet except those of beech gaps 
and heath balds are occupied by forests of spruce, 
fir, or both. The proportion of fir increases toward 
higher elevations and more mesie sites, that of spruce 
toward lower elevations (above 4,500 feet, however) 
and drier sites. In most stands both are present with 
yellow birch toward lower elevations and mountain 
ash toward higher elevations as the principal decid- 
uous trees. Stations H and H’ were at intermediate ele- 

vations in the spruce-fir belt. The forests of this belt 
are often referred to as “Canadian”; but, because of 
their high endemism (Cain et al 1937), may be 
considered a member of the spruce—fir forest sys- 
tem of North America comparable in distinetive- 
ness to subalpine forests of western ranges (Oosting 
& Billings 1951). 

Undergrowth in valleys is mueh like that of cove 
forests and north-slope beech forests. On north 
slopes and flats like station H it is a complex, five- 
story structure with a ground layer of moss (Hy- 
locomium splendens (Hedw.) Bry. mainly), a low 
herb layer of Oxalis montana Raf. with Clintonia 
borealis (Ait.) Raf., a high herb layer dominated by 
Dryopteris spinulosa var. americana (Fisch.) Fern., 
a low shrub layer of Vaccinium erythrocarpum 
Michx., and a high shrub layer of Viburnum alni- 
folium. As one proceeds from mesie flats and north 
slopes to east and west slopes and the dry south 
slopes, one may observe that the coverage of all these 
is less, the drier the site. On north slopes the under- 
growth coverage for the five layers together may ex- 
ceed 200 percent; on south and southwest slopes the 
forest may be almost bare of undergrowth, with total 
coverage for the equivalent layers under 20 percent. 
Supplementary station H’ was in a stand of the lat- 
ter type. 

So many insect species of the subalpine forests 
are shared with the cove forests that one may well 
feel he is dealing with the same fauna, or with a 
fauna as much like the cove forests as samples from 
different elevations in the latter are like one another. 
The spruce-fir sample has the appearance of a some- 
what richer selection of the same mesie fauna, both 
more productive of insects and more diverse than 
most of the cove forest series, and with an especial 
abundance and variety of flies. The very high pro- 
ductivity and diversity are presumably apparent 











only, in part, being dependent on the short season 
of high elevations. The richness of the insect com- 
munity in these forests is, even so, most impressive 
and seemingly in contrast with western spruce and 
fir stands. 

Modernity of sample H is quite low. Its food- 
habit ratio shows the vascular herbivores consider- 
ably outnumbered by scavengers and fungivores, as 
in other mesic types. The fungivorous families are 
actually rather poorly represented, but the scavengers 
are more numerous than in any other sample. In 
taxonomic composition the sample shows an actual 
majority of Diptera in the winged-adult portion, a 
condition encountered in no other station except the 
hemlock forest. The Nematocera are very numerous, 
far outnumbering any other order or suborder and 
about twice as numerous as the other fly groups to- 
gether. Beetles form a smaller fraction than in most 
other samples, and the Heteroptera are poorly repre- 
sented. Chalcidoids and cynipoids are relatively im- 
portant among the Hymenoptera. Station H is like 
the beech forests and unlike the other samples of the 
cove forest grouping in having a small proportion of 
winged Corrodentia but a representation of Mecop- 
tera which is high for this group, abundant nowhere. 
Orthoptera are notably rare here and ants few in the 
sweeps. Phalangids and Collembola are particularly 
numerous in the sample. 

Tendipedidae formed much the largest part of 
the large nemacoteran fraction; the midges in fact 
were more numerous here than any other family in 
any sample, with about 105 individuals from each 
sweep-series in the first sample, smaller numbers in 
the later ones. Tipulids were the second most abun- 
dant nematocerans, with remarkable diversity of spe- 
cies. About half of the whole tipuloid collection 
were recorded from this station alone. Species oe- 
curring more than once among these were Prolim- 
nophila areolata, Erioptera hirtipennis O. S., Limonia 
indigena (O. 8.), Ormosia townesi, Elephantomyia 
westwoodi O. §., Limnophila stupkai Alex., niveitar- 
sis O. S. and rufibasis sedula Alex., Tipula penobscot 
Alex., and coleana Alex., Dolichopeza obscura (John- 
son), Polymeda nyctops (Alex.), and Liogma nodi- 
cornis flaveola Alex. Fungivoridae, Itonididae, and 
Lyeoriidae occurred in fair numbers, though much 
overshadowed by the Tendipedidae. 

Among other flies the empidids were most abun- 
dant, with Leptopeza ruficollis (Meig.), much the 
most numerous, Empis nuda Lw., Leptopeza compta, 
and others fairly common. Drosophilids, notably 
Scaptomyza terminalis, and dolichopodids, Dolicho- 
pus dorycerus, Hercostomus frequens and crassicauda 
(Lw.), and Gymnopternus chaleochrus (Lw.), ete. 
were common. Among the muscids Coenosia atrata, 
Hylemya cilicrura and alcathoe, Hydrotaea palaes- 
trica (Meig.) and Mesembrina reswvlendens were the 
most numerous species. Other flies of note were the 
rhagionid, Bolbomyia nana Lw., the chloropid Hip- 
pelates particeps (Beck.), and the syrphids Mela- 
nostoma pictipes and obscurum, Syrphus rectus, and 
Epistrophe cinctellus. 
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Small Cantharidae (Cantharis fraxini Say) were 
by far the most numerous beetles, comprising more 
than half the beetle population in the sample. Chry- 
somelidae were fairly common, as at almost all sta- 
tions, with Chalepus dorsalis, Syneta ferruginea and 
Altica spp. most abundant. No other beetles oc- 
curred in noteworthy numbers. While the distribu- 
tion of the Curculionidae is irregular, it would ap- 
pear that H, in common with other high-elevation 
stations, had a particularly low representation of 
these. In the sparse Heteropteran population a 
mirid, Monalocoris filicis, was the only species oc- 
curring in any numbers. 

The cicadellids were the second largest family of 
the sample, with Eupteryx flavoscuta abundant, aver- 
aging about 15 hoppers per sweep-series, and Eva- 
canthus interruptus and Oncopsis variabilis also com- 
mon. The psyllid Neotriozella pyrifolii (Forbes), 
and the araeopid Liburniella ornata (Stal) were the 
only other Homoptera represented by several individ- 
uals. Of the characteristic psocids of mesie forests 
Caecilius sp. was fairly common, Polypsocus cor- 
ruptus not recorded. Mecopteran species were 
Brachypanorpa carolinensis and Panorpa nebulosa. 

One supplementary sample was taken from the 
dry south-slope stand of station H’ and was distine- 
tive for its remarkably low population—72 individ- 
uals for 250 herb sweeps. This was the lowest stratal 
population recorded and is in striking contrast with 
the very rich north-slope samples. While it is so 
low as to be outside the range of variation of other 
high-elevation forest samples, it is comparable with 
some taken from western forests. It may also be re- 
garded as somewhat unrepresentative of the full pro- 
ductivity since it was a late sample; and maximum 
productivity, as in H, might be expected early in the 
summer. In composition it is much like the sample 
of H, with Diptera outnumbering other adult-winged 
insects and with most determined species shared by 
the two stations. 

STATION H. Red spruce-Fraser fir Forest, Rocky Springs 
Gap below Mt. Collins on the Clingmans Dome Highway, Great 
Smoky Mountains National Park (83° 28’ W, 35° 35’ N). 
High-elevation flats, with gentle (6-8°) northeast slope, 5,900 
ft. elev. June 18, 27, July 11. 

Closed but not dense (96% coverage) forest stand. Stand 
count for .1 hectare: Red spruce (Picea rvbens Sarg.) 40, 


Fraser fir (Abies fraseri (Pursh) Poir.) 103, Yellow birch 9, 
Mountain maple 3. Total—160. Stems 10’ and over: Red 
spruce 19, Fraser fir 7, Yellow birch 1. 

Moderate (16%) coverage of shrubs: Mountain cranberry 
(Vaccinium erythrocarpum) as a low shrub stratum, Viburnum 
alnifolium with Sambucus pubens Michx. as a high shrub 
stratum, and mountain maple as a high shrub-low tree. 

Herb stratum well developed on several levels: an almost 
continuous moss cover (mainly Hylocomium splendens), 95% 
coverage, a high coverage (90%) of Oxalis montana on the 
same level as the moss, 29% coverage of fern, Dryopteris spinu- 
losa. var. americana, with a low coverage of other herbs, 
Clintonia borealis, Trillium erectum L.., Aster acuminatus Michx., 
Senecio rugelia A. Gray, and Streptopus roseus. 

STATION H’. Red spruce-Fraser fir Forest, Mt. Mingus 
Lead near Indian Gap on Clingmans Dome Highway, Great 
Smoky Mountains National Park, Tenn. (83° 27’ W, 35° 377 
N). Open slope, south at 30°, 5,600 ft. elev. July 11. 

Closed, dense forest canopy (100% coverage). Stand count 
for .1 hectare: Red spruce 94, Fraser fir 100, Yellow birch 8, 
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montana T. and G.) 6, 
210. Stems 10” 


Service berry 5, Mountain holly (Ilex 
Mountain maple 5, Yellow buckeye 2. Total- 
Red spruce 17, and Fraser fir 3. 
Fairly low (11%, without 
age of shrubs, mainly Viburnum alnifolium and Vaccinium ery- 
with Ilex montana and Vaccinium constablaei A. 


and over: 
only 5% transgressives) cover- 
throcarpum, 
Gray. 

Herb stratum poorly developed, with 
herbs other than Oxalis (Dryopteris spinulosa var. americana, 
Lycopodium lucidu- 
Moss 


only 3% coverage of 
Medeola virginiana, Senecio rugelia, and 
lum Michx.), and 6% coverage of Oxalis in 
10%, bare needle ground cover. 


patches. 
coverage less than 
INTERMEDIATE, OAK FORESTS 

On sites intermediate in dryness between those oc- 
cupied by cove forests and pines, various types domi- 
nated by oaks occur. In all these except some of the 
oak-hickory stands chestnut was an important spe- 
cies; in some it was the principle one. Death of the 
chestnuts opened the canopy of these stands and 
permitted an increased growth of shrubs and small 
trees. The stands are at present dominated by oaks 
(chestnut oak, northern red and white oaks), with 
hickories important in some. 

At low elevations three types may be distinguished 
along the moisture gradient. In the most mesic of 
these the low-elevation populations of northern red 
and white oaks are joined by pignut, mockernut 
(Carya tomentosa (Lam.) Nutt.) and small-fruited 
hickory. These oak-hickory stands on acid soils are 
quite different from those of the Middle West, and 
even from those on limestone in the Smokies. In herb 
and shrub undergrowth and small-tree stratum they 
resemble the oak-chestnut stands of similar soils. 
Oak-hickory stands, sampled by station G, are not 
extensively developed in the Smokies, appearing 
rather locally at lower elevations 

Chestnut oak—chestnut forests are much more ex- 
tensive, occurring on sites generally less mesie or at 
higher elevations than oak-hickory. The stands are 
often highly mixed in composition, in spite of the 
dominance of chestnut oak and chestnut. Death of 
the chestnuts has permitted heavy reproduction of 
small trees (red maple, sourwood (Oxydendrum ar- 
boreum (L.) DC.), witeh-hazel, flowering dogwood, 
sweet birch, ete.), which may comprise more than 
half the stems one ineh dbh. or over, though seareely 
entering the canopy. Shrub coverage is high, often 
above 50 percent, and predominantly ericaceous. The 
herb coverage is correspondingly low, frequently 10 
percent or less, in contrast to the high coverage of 
most cove forests. The type was sampled as sup- 
plementary station C’ for comparison with station C 
in the oak—chestnut heath. 

Sites somewhat more xeric than those of chest- 
nut oak—chestnut forests, particularly the open moun- 
tain slopes, support chestnut oak-chestnut heath. 
Physiognomy of these stands is strikingly different 
from that of the preceding, even though they are 
dominated by the same trees. The few large stems of 
chestnut oak and dead chestnut are scattered in open 
growth over a closed shrub canopy. Some of the 
same small trees as in oak-chestnut forest form an 
open intermediate stratum. The shrub layer, domi- 


nated by Kalmia latifolia L. is dense and contin- 
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uous, the herb stratum poorly developed as under 
other heaths. Death of the chestnuts is partly re- 
sponsible for the open structure of these stands. 

Close similarity of the samples from three rather 
different stands would not be expected; but the 
three oak types are alike, and different from cove 
forests, in several respects. They are alike in the 
importance of the Polyphaga, ranking as largest or 
second largest suborder, and in the low proportion 
of Nematocera (9 to 14 per cent, with more advanced 
flies outnumbering them). The chalcidoids are more 
numerous among the parasitic wasps in_ these 
samples, while the winged Corrodentia are few (1 to 
2 percent) and the Mecoptera so rare they were not 
recorded. Food-habit proportions show an increase 
in the ratio of vascular herbivores to scavengers and 
fungivores, compared with the cove forest; and by 
all the measurements of modernity the oak forests 
have a more modern insect fauna than the cove for- 
While the diversity of station G is not par- 
ticularly high, that of C, the oak—chestnut heath, is 
strikingly so. The high value may perhaps be in- 
terpreted as due to the combined effects of an inter- 
mediate position along the moisture gradient, higher 
elevation than the other oak samples, and the open, 
two-level canopy structure, while a fairly rich herb- 
level sample was also taken from the trail-side. 

Among the Diptera some of the Nematocera, 
mainly Fungivoridae and Tendipedidae, were still 
represented in fair numbers, particularly in G, the 
most mesic station. Among the small numbers of 
tipulids Tipula apicalis Lw., Rhabdomastix margarita 
Alex., Shannonomyia lenta (O. S.), Limonia lecontei 
Alex., and Antocha biarmata Alex., occurred. Pho- 
ridae were fairly numerous, as were Empididae (Lep- 
topeza compta, Hybos slossonae, Syneches thoraci- 
cus (Say), Anthalia bulbosa, ete.) and Dolicho po- 
didae (Chrysotus barbatus (Lw.), and_ picticornis 
Lw., ete.). Among the Muscidae Coenosia (Limosia) 
nivea Lw., Coenosia nigritarsis, Coenosia (Neodexi- 
opsis) calopyga Lw. and Pegomya lipsia (Walk.) 
were the more common species. The asilids Holo- 
pogon guttula (Wied.) and Laphria canis Will. and 
the bombyliid Geron calvus Lw. were taken in the 
shrub sweeps at C; and eruising yielded as additional 
species Laphria sericea Say, Bombomima champlainii 
(Walton), and Asilus notatus Wied. of the former 
family, Anthrax argyropyga Wied. and Villa lateralis 
(Say) of the latter. Hpistrophe grossulariae was 
the only syrphid recorded. 

Several families were important among the numer- 
ous beetles. Elaterids, Limonius quercinus (Say) and 
basillaris (Say) and Athous acanthus, were espe- 
cially abundant in the oak-hickory sample. Ortho- 
peridae (Corylophodes marginicollis Lee.)) were 
numerous in this sample and oceurred in C. Allecu- 
lids, mainly Isomira sp., were most numerous in the 
latter sample. Chrysomelids, including Xanthonia 
decemnotata, Chalepus dorsalis, Trachymetopa picta 
(Say), and Chrysodina globosa (Oliv.), were ecom- 
mon in all samples. Melandryids (Zilora sp. and 
Canifa sp.) were common; and some mordellids, 
(Mordellistena trifasciata (Say), pubescens (F.), 


ests. 
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cerys resedae (Panz.), the mirid Neolygus laureae, 
and the pentatomid Banasa dimidiata (Say) were 


common, especially in C. The abundant psocid of 


mesic forests, Caecilius sp., was present in small 
numbers. 

STATION C. Chestnut Oak—Chestnut Heath, Great Smoky 
Mountains National Park, Tenn., Bullhead Trail, above Chero- 
kee Orchard on way to Mt. LeConte. (83° 29’ W, 35° 40’ N). 
High open westerly slopes, inclination 20-30°, elev. 3100 ft. 
June 14, 25, July 12. 

Open forest heath, with scattered trees (about 45% cover- 


age) over a nearly continuous canopy of ericaceous shrubs. 
Stand count for .2 hectare approximately: Chestnut oak (Quer- 
Willd.) 43, Chestnut, dead 30, Red maple 23, 
gum 18, Black locust (Robinia pseudo- 
oak (Quercus coccinea Muench.) 9, 
mountain pine (Pinus pungens Lamb.) 4, 
Mill.) 3, Fraser magnolia 1, Shad 
arborea (Michx. f.) Fern.) 1. Total—67. 
Stems 10’ and over: Chestnut oak 10, Dead chestnut 12, Sour 
Table mountain pine 2, Pitch pine 1. 

shrubs (98% coverage, 
with Rhododendron 
constablaei, 


cus montana 
Sourwood 19, 
acacia L.) 10, Scarlet 
Sassafras 6, Table 
Pitch pine (Pinus rigida 
bush (Amelanchier 


Sour 


gum 5, 
Dense 
high) : 


mum, 


of ericaceous 3-5 ft. 
latifolia dominant, maxi- 
Clethra acuminata Michx., Vaccinium Ly- 
onia ligustrina (L.) DC., and chestnut sprouts; and under the 
high shrub canopy a lower shrub stratum of Gaylussacia ursina 
(M.A. Curtis) T. and G., coverage 34%. 

Herb with Galax aphylla L., 
virginiana, Desr., Goodyera 
Dennsteadtia 


growth 
Kalmia 


Medeola 
pubescens 
punctilobula 


coverage low, 5-6%, 


Melamyyrum  lineare 
and, in the trail, 
(Michx.) Moore. 

STATION C’. Chestnut Oak—Chestnut Forest, 
Mountains National Park, Tenn., on Bullhead Trail to 
LeConte, near Cherokee Orchard (83° 30’ W, 35° 40’ 
Lower slope, north at 10°, 2,700 ft. elev. July 21. 

Closed forest canopy dominated by chestnut oak and large 
dead chestnuts, with dense small-tree undergrowth due to 
opening of the stand by death of the chestnuts. Stand count 


for .1 hectare: Red maple 97, Chestnut, dead 37, Sourwood 34, 


open along the 


Great Smoky 
Mt. 
N). 


Chestnut oak 28, Silverbell 9, Northern red oak 7, Fraser 
magnolia 6, Striped maple 6, Sweet birch 4, Tulip tree 3, 
Flowering dogwood 3, Black locust 2, Sassafras 2, Sour gum 
1. Total—-249. Stems over 10%: Dead chestnut 34, Chestnut 
oak 2. 


Fairly dense shrub cover (81%), predominantly ericaceous. 
Upper shrub stratum dominated by Rhododendron calendula- 
(Michx.) Torr., and maximum, with Calycanthus fertilis 
Walt., Lyonia ligustrina, Kalmia latifolia, Clethra acuminata, 
and Smilax rotundifolia, Pyrularia pubera, Vaccinium con- 
stablaei; low shrub stratum consisting of Gaylussacia ursina. 

Herb coverage rather low (7%), but with a variety of spe- 
cies; Prenanthes trifoliolata, Solidago sp., Uvularia puberula 
Michx., Aureolaria laevigata (Raf.) Raf., Desmodium nudi- 
forum (L.) DC., Galium latifolium Michx., Aster divaricatus, 
Dryopteris noveboracensis, Goodyera pubescens, Pedicularis 
canadensis L., Medeola virginiana, Galax anhylla, Viola ro- 
tundifolia Michx., Trillium erectum var. albiflorum. 

STATION G. Red oak-—Pignut hickory Forest, near Gat- 
linburg, outside boundary of Great Smoky Mountains National 
Park, Tenn., (83° 32° W, 35° 44” N). NNE slope (18°) of 
a low hill, on opposite side from station F, 1,500 ft. elev. 


ceum 


June 17, 26, July 15. 
Closed-canopy forest 
oak species. 


(nearly 100% coverage) dominated by 


Stand count for .1 hectare: Northern red oak 





Pine Forests AND PiInE HEatTHS 

On the most xerie sites of elevations below 4,500 
feet, on south and southwest exposures on the west- 
ern slope of the range, stands of pines appear. Pine 
stands are seral to more mesic types in some sites at 
low elevations; and, because of the fires which have 
swept many of these dry slopes, some of the south- 
slope stands are young and single-aged. The ma- 
ture stands of south slopes are reproducing them- 
selves, however, with the all-age composition of self- 
maintaining forests. These pines of dry slopes in 
the Southern Appalachians may be considered climax 
for their sites and soils (Braun 1935b, Cain 1937, 
Whittaker 1948). They occur on sites which are 
probably too dry to support oak-chestnut heath or 
forest, but where pines can well maintain themselves 
in an open stand permitting reproduction. 

The higher-elevation stands have the physiognomy 
of a forest heath, with an open pine canopy above 
a fairly dense heath stratum. In some Kalmia is the 
dominant shrub as in oak-chestnut heath; but vac- 
ciniaceous shrubs, particularly Gaylussacia baccata 
(Wang.) K. Koch and Vaccinium pallidum Ait., tend 
to be more important in a lower and more open 
shrub layer. With lower shrub coverage than in oak— 
chestnut heath, the herb stratum is in general better 
developed, with ground heaths, grasses, composites, 
and legumes most conspicuous. Toward lower eleva- 
tions the shrub coverage falls below 50 percent: and 
these low-elevation stands with a fairly well-devel- 
oped herb stratum and open shrub layer may better 
be described as pine forest. 

Three pine species are dominant, along with scar- 
let oak. Mature stands are usually a mixture of two 
or even all three pines; but Virginia pine (Pinus vir- 
ginia Mill.) tends to dominate low-elevation pine 
forests, pitch pine middle-elevation pine forests or 
heaths, and table mounta‘n pine the high-elevation 
pine heaths. Small trees (red maple, sourwood, sas- 
safras, and black locust) are shared, along with sour 
gum, with the oak—chestnut heaths with which these 
stands are continuous. Station F was in a Virginia 
pine forest, J in a table-mountain pine heath, and 
the intermediate type was not sampled. 

In these xeric communities the Polyphaga become 
the most important suborder at lower elevations, the 
Schizophora at higher ones. The former are most 
numerous in F, the latter in J, while the Nematocera 
are outnumbered by these and other groups. Abun- 
dance of Heteroptera is notable; these form a larger 
fraction of the community than in any other sample 
except D, which also is a xeric type. Chaleidoids 
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assume importance equal to that of the other para- 
sitie wasp groups here; and ants become abundant 
in the sweeps, as in the oak types. Orthoptera are 
fairly common, as in C, the most xeric of the oak 
types. Few winged Corrodentia and no Mecoptera 
were encountered. At this xeric extreme of the gradi- 
ent, community productivity is low, diversity rather 
low, and the proportion of scavengers and fungi- 
vores low, except for the large numbers of the for- 
mer (Tendiped:dae) in F. Modernity of the foliage 
insect communities is quite high, the highest en- 
countered outside the balds. 

With an elevation interval of 2,000 feet between 
the stations, most important families and _ species 
differ considerably between F and J. In the large 
beetle fraction of F melandryids, Canifa sp. and 
Zilora sv., elaterids, Limonius quercinus and _ basil- 
laris, melyrids, Dasytellus sp., chrysomelids, Xan- 
thonia decemnotata and Phyllecthrus gentilis Lee., 
mordellids, Mordellistena infima Lee., semiusta Lee., 
impatiens Lec., minuta Smith, ete., and alleculids, 
Isomira, sp. were most numerous. In J chrysomelids, 
Pachybrachys tridens (Melsh.), cantharids, and an 
elaterid, Agriotella bigeminata (Rand), were numer- 
ous. Cicindela punctulata Oliv. occurred at J with C. 
serguttata. 

Among the flies members of nematoceran families 
were few, except for the rather high population of 
Tendipepedidae at F. Phoridae were common at 
both stations; Empididae were numerous at J, with 
Hybos slossonae the main species, but few at F. 
Dolichopodids were uncommon at these xeric sta- 
tions. Tephritids, Tephritis pura (Lw.) and mili- 
chiids, Desmometopa sp., were numerous at J. Mus- 
cidae, very few in number at F, increased toward 
higher elevations to become important at J with 
Coenosia atrata, nigritarsis, and calopyga, Hylemya 
alcathoe and cilicrura, most numerous. Asilids re- 
corded from J included Asilus flavofemoratus Hine, 
Laphria virginica (Banks), and Asilus maneoi Hine, 
syrphids from F Baccha costata Say and the very 
large species Milesia virginiensis (Drury). 

Of the Heteroptera, numerous in both samples, the 
lvgaeids were the largest single family at F with 
Kleidocerys resedae, the most common species at 
both stations, occurring there along with Ortholomus 
scolopax (Say). Other common species were the 
mirids Neolygus laureae, Alepidia gracilis (Uhl.), 
and Hyaliodes harti Kngt. and the pentatomid 
Banasa dimidiata. Cicadellids were few except in 
J, with Agallia 4-punctata, Balclutha sp., and Graph- 
ocephala coccinea. Psyllids occurred in fair numbers 
with Psylla rara Tuth. not rare and Trioza diospyri 
Ashm. and aylmeriae Patch rather common. Psocids 
were not common at F and were very few at J. The 
pine stations, with a fairly well-developed xeric herb 
stratum including grasses, were the only stations 
other than the grassy bald where Locustidae (Acri- 
didae) occurred in any numbers. The immature Me- 
lanoplus sp. could not be determined. 

STATION F. Forest. Gotlinburg out- 


Virginia Pine near 


s'de boundary of Great Smoky Mountains National Park, Tenn. 
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(83° 32° W, 35° 44° N). Open south slope (22°) of low 
hill, 1,500 ft. elev. June 17, 26, July 15. 
Open stand of pines (75% coverage). Stand count for .1 


hectare: Virginia pine 75, Pitch pine 34, Scarlet oak 29, 


Blackjack oak (Quercus marilandica Muench.) 20, Sourwood 
14, Sour gum 12, Chestnut, dead 16, Red maple 6, Spanish 
oak (Querevs faleata Michx.) 4, Sassafras 3, White oak 2, 
Mockernut hickory 2, Chestnut oak 1. Total—218. Stems 10” 


and over: Virginia pine 5, Pitch pine 8, Scarlet oak 2. 


Moderate coverage (27%) of predominantly ericaceous shrubs, 
with Kalmia latifolia, Vaccinium 
var. (Ashe) and 


vacillans dominant 
staminexm L., Ilex 
Smilax glauca and S. rotundifolia. 

Fairly low herb coverage (4-10%), Andropogon 
parius Michx. most abundant, Coreopsis Walt., 
carpus asteroides (L.) BSP. and linifolius (L.) BSP., Uvularia 


Vaccinium 


montana beadlei Fern., 


with &co- 


major Serico- 


sessilifolia L., Tephrosia virginiana (L.) Pers., Pteridium 
aquilinum (L.) Kuhn, Baptisia tinctoria (L.) R. Br., Chima- 
phila maculata, Epigaea repens L., and Panicum sp. 

STATION J. Table Mountain Pine Heath, Great Smoky 
Mountains National Park, Tenn. (83° 25’ W, 35° 41’ N). 
Brushy Mountain along Trillium Gap trail frem Greenbrier 
Cove. Open slope, south at 30° 3,500 ft. elev. June 19, July 
8, (19. 

Gpen stand of pines (78% coverage). Stand count for .1 


Table mountain Pitch pine 30, Chestnut oak 
oak 4, Red maple 4, Black locust 3, Chestnut, 
Sour gum 1, Sourwood 1. Total—150. Stems 10” and 
over: Table mountain pine 18, Pitch pine 4, Chestnut, dead 2. 
(42%) of 
shrub canopy dominated by Gaylussacia 
important, with Vaccinium pallidum, Kalmia lati- 
Vaccinium stamineum, Sassafras albidum, Clethra acumi- 
nata, and Smilax glauca and S. rotundifolia. 

Herb stratum not highly 
gaea Galax aphylla, 


hectare: pine 91, 
13, Scarlet 
dead 2, 

High coverage low shrubs, forming a_ partial 
vacciniaceous species. 
baccata mos 


folia, 


Epi- 
Pteri- 
scoparius, 


14%): 
rrocumbens L.. 


developed 
Gaultheria 


(coverage 
repens, 
dium lineare, Andropogon 


aquilinum, Melampyrum 


Lyco.odium obsevrrim L., Coreopsis major. 


BALpDSs 


Although the mantle of forests covering the 
Smokies is so nearly continuous, some of the peaks 
and ridges are bare of trees. The balds of shrubs 
or grass which occur on these are among the most 
celebrated vegetat:on types of the Southern Appa- 
lachians, both because of their vegetational interest 
and their rather spectacular beauty when the vari- 
ous Rhododendron species are in bloom. The two 
bald types of the Smokies may be grouped together 
as communities of extreme exposure on high summits 
and ridges, even though the relation between them is 
not otherwise close. They share species of plants and 
animals, as any other two types one might choose do, 
but are quite different in physiognomy and rela- 
tion to other plant communities. The grassy balds 
occur primarily in the southwest half of the range, 
where spruce-fir forests are absent, and are in con- 
tact with high-elevation types of deciduous forests. 
The heath balds oceur in the northeast part of the 
range, mainly in contact with the spruce-fir forests, 
though extending well below them. The two bald 
types may be said to be rather equivalent types of 
high elevations and extreme exposures for the two 
forest systems of the Smokies, the eastern and sub- 
alpine or boreal. 

The heath balds ‘are dominated by species of eri- 
saceous shrubs, mainly Kalmia latifolia and Rhodo- 
dendron maximum toward lower elevations, Rhodo- 
dendron catawbiense and R. carolinianum Rehder to- 
ward higher, with many minor species. Composition 
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of the balds has been described by Cain (1930b). 
The shrub canopy may be as high as ten feet from 
the ground, with dense stems which are completely 
impenetrable. Other heaths, especially on ridges and 
summits, are lower, with the shrubs only three or 
four feet high as in station D. The herb stratum is 
usually below 5 percent in coverage and may be 
almost absent. 

The grassy balds have in contrast a highly devel- 
oped herb stratum dominated by Danthonia com- 
pressa Aust., the mountain oatgrass, and few shrubs. 
A variety of herbs occur, including some shared with 
the forests and a good many weeds introduced when 
the balds were grazed. Potentilla canadensis var. 
caroliniana Poir. is perhaps the most characteristic 
herb other than the grass, along with the little en- 
demie Stachys clingmanii Small on Silers Bald. 
Shrub coverage is at present quite low although it 
may have been higher before the balds were dis- 
turbed (Camp 1931). The shrubs are well known 
for floral display (Rhododendron calendulaceum ) and 
blueberry production (Vaccinium constablaei). 

Since the two bald types have little in common 
except extreme environment, it may be of some in- 
terest to compare their insect communities to see what 
similarities express the common physical environ- 
ment and what differences express the different vege- 
tational environments. Relatively low productivity 
is one common feature. Indicated foliage insect pro- 
ductivity of the grassy bald is the lowest of the 
whole series of types sampled. That of the heath 
bald, however, is higher than any low-elevation sta- 
tion and one of the highest of the series; it is low 
only by comparison with the related mesic forest 
type sampled as H. It may also be suspected of be- 
ing unduly high because of the blooming of Rhodo- 
dendron, Kalmia, and Galax during the sampling, 
probably attracting a good number of mobile insects 
extraneous to the actual community metabolism. Low 
diversity is a second common feature, with the 
grassy bald least diverse of any of the stations in 
spite of high elevation and with the heath bald of 
relatively low diversity for its elevation. In food- 
habit composition they are quite similar, both having 
high proportions of vascular herbivores, actually in 
the majority in the samples, and very high propor- 
tions, compared with all other stations, of pollen- 
feeders. Fungivores .are scarce in both and seaven- 
gers not strongly represented, although the indicated 
fraction of these in the grassy bald is substantial. 

The modernity of the two samples is by far the 
highest of the series. The measured values are, in 
fact, outside the range of variation of the forest 
samples, with the heath bald appearing as the more 
modern fauna of the two. The very high proportions 
of advanced, schizophoran flies are one source of 
the high values. It may also be observed that the 
chaleidoids and apoids are more strongly preponder- 
ant among the Hymenoptera than at any other sta- 
tion, with the former approaching or exceeding the 
ichneumonoids and proctotrupoids together and the 
latter far above the 1 percent limit of the forest sta- 
tions. A high proportion of Polyphaga contributes 
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to the modernity of the heath bald, although the 
proportion of these in the grassy bald is low. Among 
the more primitive groups small fractions of the 
lower wasps and flies, few winged Corrodentia, and 
no Mecoptera characterize both communities. Small 
numbers of Collembola and no phalangids appeared 
in the sweeps from the two balds. 

In taxonomic detail some rather striking differ- 
ences appear. The beetles form, as indicated, a large 
fraction in the heath bald, a small one in the grassy 
bald. The Heteroptera are high in the heath bald, 
rather low in the grassy bald; the Homoptera in 
contrast are high in the grassy bald and quite low 
in the heath bald. Ants are rather numerous in the 
sweeps from the heath bald, but not in those from 
the grassy bald; locustids (acridids) are well repre- 
sented in the grassy bald but not in the heath. Simi- 
lar differences in family composition appear; among 
the beetles cerambycids are most numerous in the 
heath bald and phalacrids in the grassy bald, among 
the Hemiptera lygaeids in the heath bald and cica- 
dellids in the grassy bald. Although there is a con- 
siderable affinity between the stations indicated by 
species lists and association measures, there is a gen- 
eral difference in emphasis of important species be- 
tween the two. Relation between the two bald types 
is better expressed by the general community meas- 
urements indicated than by detail of faunal compo- 
sition with one exception. In both balds the Schizo- 
phora are by far the largest winged-adult fraction, 
with families Chloropidae and Muscidae most im- 
portant. More than any of the forest stations, these 
are communities characterized by preponderance of 
the advanced flies. 

In station D, the heath bald, chloropids reached 
one of the highest population levels recorded for any 
family, in the middle sample on June 29 averaging 
nearly 100 individuals per sweep-series (50 sweeps 
each from shrub and herb). Hinpelates particeps 
made up almost 90 percent of this population; other 
species in the approximate order of their abundance 
were Thaumatomyia pulla (Adams), Hipnelates dis- 
sidens (Tuck.), Madiza n. sp., Thaumatomyia glabra 
(Meig.), and bistriata (Walk,), Oscinella neocoxen- 
dix Sabr., Madiza cinerea (Lw.), Elachintera longula 
(Lw.), Hinpelates plebejus Lw., Melanochaeta kaw 
Sabr., Diplotoxa versicolor Lw., Oscinella coxendix 
(Fh.), and n. sp., and Madiza latifrons (Lw.), and 
trigramma (Lw.). Muscidae were the second most 
numerous family, with an average of 16 individuals 
per sweep-series during their peak in the first 
sample. Hylemya cilicrura was by far the most abun- 
dant of these; other species were Coenosia atrata, 
nigritarsis, and calonyga, Schoenomyza_litorella 
(Fall.), Paregle cinerella (Fall.), Mydaea anicula 
(Zett.), and occidentalis Mall., Pycnoglossa pusil- 
lans, Fannia fuscula (Fall.), Hydrotaea abdominalis 
Aldrich, and Lasiops johnsoni (Mall.). Tendipedids, 
tipulids, and other Nematocera were mainly note- 
worthy by their rarity; appreciable numbers of Ly- 
coriidae were recorded, however. Dolichopodidae 
were scarce; and Phoridae ‘and Empididae were 
the third and fourth most numerous fly families, 
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with Hybos slossonae most common of the latter. 
Other flies of note were the larvaevorid Amedoria 
luctuosa (Meig.), the bombyliid Anthrax sinuosa 
Wied., and the syrphids Baccha costata, Allograpta 
obliqua (Say), Cheilosia (Cartosyrphus) pallipes 
Lw., Syrphus rectus, and Melanostoma angustatum, 
and the asilid Cerotainia macrocera (Say). 

Cerambycids were most abundant of the beetles, 
with Pidonia aurata (Horn) one of the most com- 
mon species of the bald and with small numbers of 
Leptura lineola Say. Among the chrysomelids Cha- 
lepus dorsalis was abundant, and Pachybrachys tri- 
dens and Oedionychis limbalis subvittata fairly com- 
mon. The elaterid Agriotella bigeminata was numer- 
ous; and coecinellids (Hippodamia convergens Guér. 
and Psyllobora 20-maculata (Say) ), mordellids (Mor- 
dellistena infima, convicta, impatiens, and pustulata 
(Melsh.)), cantharids, and alleeulids (Isomira sp.) 
were well represented. 

In the fairly large Heteropteran fraction the ly- 
gaeids were much the largest family. Kleidocerys 
resedae was one of the commonest species of the 
bald; Geocoris uliginosus (Say) and punctipes (Say) 
and Ortholomus scolopax occurred in smaller num- 
bers. Tingids, mainly Stephanitis rhododendri Horv., 
and anthocorids, Orius insidiosus (Say) were com- 
mon; and the pentatomid Podisus maculiventris 
(Say) was recorded. Leafhoppers were most numer- 
ous in the small homopteran fraction, with most of 
the species except Graphocephala coccinea in very 
small numbers. Other Homoptera were the psyllids 
Trioza obtusa Pateh and Psylla rara, and the eixiid 
Cixius coloepeum Fh. Caecilius sp. appeared among 
the few psocids taken. 


In the grassy bald, station K, Muscidae were 
conspicuously abundant, outnumbering even the 


Chloropidae, with Coenosia atrata the principal spe- 
cies. Other Muscidae were Hylemya cilicrura, Pa- 
regle cinerella, Schoenomyza litorella, Coenosia (Li- 
mosia) nivea and lata Walk., Hylemya inornata 
Stein, and Coenosia nigritarsis. Although the grassy 
balds are not alpine meadows, in dominance of Mus- 
cidae (Anthomyiinae) they resemble true alpine 
grasslands of Eurasia (Lindner 1924-32) and the 
western ranges of North America. The most abun- 
dant chloropid was Parectecephala eucera Lw., one 
of the few major species recorded from a single 
station; others were Diplotoxa versicolor, Oscinella 
carbonaria (Lw.), Hippelates particeps and plebejus, 
Melanochaeta kaw, Madiza cinerea and n. sp., ete. 
Tendipedids were numerous for an exposed site, 
dolichopodids were represented in smaller numbers, 
and there were no other fly species with more than 
two or three individuals in the sample. The syrphids 
Mesogramma geminata (Say), Syrphus rectus, Para- 
gus tibialis (Fall.), and Sphaerophoria robusta Curr. 
were recorded. 

Cicadellidae were the most numerous single family 
and Laevicephalus melsheimerii (Fh.), recorded only 
from station K, the most numerous single species, 
reaching a level of nearly 30 individuals per 50 
sweeps in the last sample. Other leafhoppers were 
Graminella nigrifrons (Forbes), Macrosteles divisus 








A Stupy oF SUMMER FOLIAGE INSECT COMMUNITIES 41 


(Uhl.), ete. The araeopid Liburniella ornata was 
common. The Heteroptera were rather poorly repre- 
sented in the winged-adult fraction but were fairly 
numerous as nymphs. Mirids and lygaeids were 
about equally unimportant among the adults; the 
tingid Corythucha juglandis (Fh.), the anthocorid 
Orius insidiosus, and the pentatomids Acrosternum 
hilare (Say) and Trichopepla semivittata (Say) were 
taken. The most abundant beetle was a phalacrid, 
Phalacrus sp.; most other beetles were widespread 
species occurring in small numbers here—the lampy- 
rid Lucidota punctata Lee., the melyrid Pseudebaeus 
apicalis (Say), and the chrysomelids Chalepus dor- 
salis and Oedionychis limbalis subvittata. 

One of the most distinctive features of this grass 
community was the appearance of grasshoppers in 
fair numbers. Melanoplus deceptus Morse occurred 
in the sweeps; Chortophaga viridifasciata (Deg.) 
and Schistocera americana (Drury) were taken in 
cruising. Characteristic of the open bald communi- 
ties also were butterflies of several species, uncom- 
mon in the denser forests. These might be seen, as 
they often may be on peaks, to congregate at the 
summits on which the balds were located and frolic 
about on sunny days, with the scene of their sport 


a full view of the haze-softened beauty of the 
Smokies. 

STATION D. Heath Bald, Brushy Mountain summit, near 
Mt. LeConte, Great Smoky Mountains National Park, Tenn. 


(83° 26’ W, 35° 41’ N), rounded summit of the peak, 4,900 


ft. elev. June 15, 29, July 13. 

No trees, nearly continuous coverage (97%) of shrubs, pre- 
dominantly ericaceous, with canopy 3-4 feet above ground. 
Dominated by Rhododendron catawbiense, with Kalmia lati- 
folia, Rhododendron maximum, Viburnum cassinoides L., Vace- 
cini.m constablaei, Aronia melanocarpa (Michx.) Ell, IJlex 


montana, Smilax rotundifolia, and, be‘ew openings, Gayl«ssacia 
ursina. 
Very low Gaultheria 


(less than 4%) with 


Galax aphylla, Medeola 


herb coverage 


procumbens most important, virginiana, 
Trillium undulatum Willd., and Melampyrum lineare. 
STATION K. Grassy Bald, Silers Bald on Appalachian Trail 
from Clingmans Dome, Great Smoky National 
Tenn. (83° 34° W, 35° 34° N). 
with grassy slopes mainly on south and west expesure, 
15°, 5,600 ft. 2, 18. 
Complete coverage of grass, dominant, 
(10%) 
vubera, 


west Mountains 
Park, 
peak, 
inclination about 


Exposed summit of 


elev. June 21, July 
Danthonia compressa 
forbs—Potentilla 
Stachys 


scattered canadensis 


Stellaria 


with more var. 


caroliniana, clingmanii, Prenanthes 
Rudbeckia laciniata, Rimex 


Pollard, and Hieracium 


altissima, Aster spp., Solidago sp., 


acetosella L.., Gentiana decora scabrum 


Michx. 


Shrubs sparse on slope, less than 1%, with Rubus canadensis 


L., Rhododendron calendulaceum, Crataegus roanensis Ashe, and 
Vaccini.m constablaei. 


SUMMARY 

1, In a study of comparative synecology of sum- 
mer foliage insect communities in the Great Smoky 
Mountains, Tennessee, 30,000 invertebrates were col- 
lected by sweep-samples from 12 main and 3 sup- 
plementary stations in different vegetation types. 

2. Species were found to have distributions taper- 
ing along gradients through plant communities, with 
the binomial curve indicated as the form of their 
population distributions. Among distributional pat- 
terns charted for 100 species no. two were alike; and 
it was not possible to fit the distributions into asso- 
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ciations, formations, or zones. Gleason’s individual- 
istic hypothesis is asserted for animal communities. 

3. A new association-index was used to compare 
samples and express their ecological distance apart. 
Samples from a given association, formation, or 
zone were found to be no more alike than each was 
like another from a different association, formation, 
or zone. The results and those of species distribu- 
tions support one another in the conclusion that 
these are not valid units, though they may be ex- 


pedient groupings. Natural communities in the 
Smokies are interpreted as forming a complex, 


loosely ordered continuum of populations. 

4. Definite distributional patterns appeared for 
many families and larger taxonomic groups. Some 
(var.ous primitive or nematoceran fly families, scor- 
pion-flics, winged Corrodentia, ete.) were centered 
in moist environments; others (advanced beetles or 
Polyphaga, Hemiptera, grasshoppers, ete.) were 
more abundant in open or xeric sites; and different 
patterns in relat:on to elevation were shown by the 
various groups. 

5. Study of trends in composition of foliage insect 
communities along the moisture gradient revealed : 

a. A series of taxonomic trends, such as the change 
in relative importance of the advanced beetles and 
primitive flies (ratio of Polyphaga to Nematocera). 

b. A trend in evolutionary level, with increasing 
representation of more modern insect groups toward 
drier environments. It is suggested that this, the 
Kennedy trend, implies that the more advanced in- 
sects are better able to adapt to the desiccating con- 
ditions of hot and dry environments. 

ce. A trend in food-habit composition of communi- 
ties, with a progressive change in the ratio between 
fungivores and scavengers, more important in mesic 
forests, and herbivores of vascular plants and pollen- 
feeders, relatively more numerous in xeric and open 
types. 

d. A trend in community diversity, which is maxi- 
mal in intermediate conditions and decreases toward 
both moist and dry extremes of the gradient. There 

yas an apparent increase of diversity with elevation 
due to the shorter season at higher elevations. 

6. Productivity of foliage insects, as indicated by 
size of the sweep samples, was found to be correlated 
with the moisture gradient (decreasing from moist 
cove forests to dry oak and pine types) and with 
the elevation gradient (showing an apparent in- 
crease with elevation, due to the shorter season of 
higher elevations). Summer foliage insect produc- 
tivity could be predicted from position along major 
environmental gradients by means of multiple corre- 
lations. 

7. There are meaningful patterns in the adapta- 
tion of animal communities to their environments in 
such factors as the preceding. The orderliness of 
natural communities is a statistical, and not an Aris- 
totelian order, a phenomenon of population patterns, 
centers, trends, and functional and distributional 
groupings and not of discrete units or associations. 
The study has attempted to show both the real com- 
plexity and lack of order in species distributions and 
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the effectiveness of community study not based on 
assumed units. 
8. Summer foliage insect communities of the Smok- 
ies are described. 
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INTRODUCTION 


The fresh-water coelenterates known as hydras be- 
long to the Class Hydrozoa, Order Hydroida, Sub- 
order Gymnoblastea, and Family Hydridae. Ten 
species of hydras in three genera occur in the United 
States. In North America there has been some tax- 
onomie and physiological work on these animals but 
field studies are few in the central northern and 
northeastern regions. The southern states have been 
neglected as to the biology of hydras in their natural 
environments, although all of the southeastern states, 
and especially the Central Basin of Tennessee, should 
provide unusual opportunities for ecologic study. In 
southern waters there is a longer summer season 
(between frosts) and the lakes rarely freeze. 

A reconnaissance survey (Bryden 1950) of hydra 
species in the Central Basin of Tennessee showed the 
largest populations in Kirkpatricks Lake in Wilson 
County. The first samples on August 26, 1947, con- 
tained three species: most abundant was Pelmato- 
hydra oligactis (Pallas) 1766 and the others were 
Hydra carnea lL. Agassiz 1850 and Hydra vulgaris 
Pallas 1766. Pelmatohydra oligactis has remained the 
most common species in the lake and the only one 
consistently present. 

This study deals with the vertical, horizontal, and 
seasonal distribution of hydras, including movements 
of individuals and populations; the factors possibly 
responsible for the form and distribution of the 
populations; and the population dynamics, involving 
rates of growth and reproduction, along with an 
estimation of productivity. 

The writer is indebted to Professors James J. 
Friauf and C. S. Shoup who directed the investiga- 
tion. Mr. Edward Kirkpatrick and Mr. Joe Downs 
kindly made available the facilities at Kirkpatricks 
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Lake and helped immeasurably by their toleration 
of the studies. During the latter part of this in- 
vestigation, funds for equipment were provided by 
a grant from the Tennessee Academy of Science and 
the American Association for the Advancement of 
Science. 

REVIEW OF LITERATURE 

There is a general paucity of work dealing with 
the ecology of hydras, particularly their synecology. 
Several studies deal with the autecology, such as the 
effect of pH (Threlkeld & Hall 1928, Wunder 1929), 
oxygen (Palmhert 1933), gravity (Ewer 1941, 1946), 
temperature (Peebles 1898, Greely 1903, Mast 1903, 
McGill 1908), starvation (Kepner & Jester 1927), 
and light (Wilson 1891, Mast 1911, Schlunsen 1935). 

Welch and Loomis (1924) made a significant study 
of Pelmatohydra oligactis in Douglas Lake, Michigan, 
which emphasized the importance of temperature on 
its summer distribution. Temperature is an influen- 
tial factor in the disappearance of hydras from the 
surface waters and under conditions of reduced food 
supply, the hydras migrated downward to become 
muck feeders. 

Miller (1936) restudied the same lake thoroughly 
to define more clearly the factors concerned with 
fluctuations in the population of P. oligactis. He was 
concerned principally with seasonal fluctuations of 
the population and the controlling factors, but dealt 
also with the food habits, hydras as plankters, ef- 
fects of pressure, reactions to light, and the para- 
sites of hydras. He believed that the gathering of 
diatoms, algae, and debris on the supports used by 
hydras is more important than temperature on the 
fluctuations of the population. 

Investigations by Young (1945) on the periphyton 
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in Douglas Lake, although not dealing exclusively 
with hydras, emphasized the importance of wave 
action on population distribution. He pointed out 
the inverse relationship between numbers of the 
blue-green alga Gloeotrichia and Pelmatohydra 
when on supports, and showed that some submerged 
trees carry larger living populations than others. 

There have been no other strictly ecological studies 
of hydras, although those by Kofoid (1908), Clem- 
ens (1922), Eggleton (1931), Vogel (1931), Seot- 
land (1934), and Mashtaler (1937) have contributed 
some information of ecological significance. Other 
works of lesser importance are cited in the bibliog- 
raphy. 

The recent papers of Edmondson (1944, 1945, 
1946), Pennak (1949), and Ricker (1946) and the 
marine investigations of Clark (1946) show the trend 
of modern studies on natural populations. EKdmond- 
son’s attention was focused on sessile rotifiers, but 
the methods he used can be applied to field studies 
of other organisms. Growth rates, death rates, and 
population form were determined, and methods de- 
scribed for estimating the actual rate of reproduc- 
tion. Pennak’s extensive investigations of some Col- 
orado lakes were carried on throughout annual cyeles, 
and methods deseribed for investigation of the gross 
quantitative and qualitative phytoplankton and 
zooplankton cycles and their comparative mean stand- 
ing crops. 

These later workers show the variety of problems 
and phenomena being studied by population ecolo- 
gists on various organisms. Their efforts have been 
directed toward fundamental problems of the con- 
sequences of reproduction, mortality, dispersion, and 
with those environmental and hereditary factors af- 
fecting them; the interaction between natality (re- 
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production), mortality, and dispersion, which confer 
a “growth-form” upon organisms, is of fundamental 
importance and contemporary interest; and deter- 
minations of the actual energy relationships and 
eycles in the dynamic interactions of populations are 
being thoughtfully and critically analyzed. 


AREA OF STUDY 

Kirkpatricks Lake in Wilson County is 12.6 miles 
northwest of Lebanon and seven miles north of U. S. 
Highway 70 North on the Woods Ferry Road. It 
lies two miles north of the small village of Lagardo 
and about 400 feet southeast of the Cumberland 
River and in its flood plain. The lake is in the 
outcrop belt of Lebanon limestone in the northern 
part of the Central Basin of Tennessee, but there 
are no exposures of this formation near -the lake. 
The lake resulted from scouring by the river when its 
channel oceupied that part of its flood plain valley 
where the lake is now located. The flood plain 
of the Cumberland River was formed during the 
Pleistocene epoch. 

The lake is close to the outer ‘edge of the river 
flood plain, separated by about 400 feet of slightly 
elevated land. The general picture is one of trees 
and shrubs growing along the edge of the lake with 
many branches hanging into the water. Since this 
vegetational aspect is important to the distribution 
of the hydra population, it has been considered eare- 
fully (Fig. 1). Most important and abundant of the 
bordering trees are various species of willows (Fig. 
2) and maples (Fig. 3). Of shrubs, the most abun- 
dant is the button bush, Cephalanthus occidentalis L. 
Also of importance are the roots of trees and shrubs 
washed free of soil in the undercuts. Leaves falling 
into the water exercise some influence on distribu- 
tion of the hydras. 
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Fie. 2; A tree with its branches hanging 


into the water. 

Kirkpatricks Lake (Fig. 4) is 1980 feet long and 
260 feet across at the widest place, with two embay- 
ments along the southeast side that are large in 
comparison to the width of the lake. Except for a 
very smal] ereek draining into the lake from a 
swampy area at the northeast end, the only other 
inlets are the embayments, consisting of two or three 
small springs which produce a constant flow of water 
and three small rivulets that drain water from the 
hillsides. The latter flow intermittently in seasons 
of heavy rains. The single outlet is at the southwest 
end of the lake and flows only during the periods of 
rainfall that raise the lake level. The lake is so close 


willow 
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Fig. 3. 


Branches of maple tree hanging into water. 


to the Cumberland River that, when the stream over- 
flows in flood, the lake becomes part of the river. 
This happened once during the course of this in- 
vestigation in the month of February, 1948. 

The shore line of the lake is definite around the 
entire periphery being abrupt along most of the 
margin, with water 12 to 18 inches deep. The only 
sloping shores are in the two embayments and the 
space between. Where the shore is abrupt, the banks 
are undereut a foot or more, a morphological feature 
important in the ecology of the hydras. 

According to Whipple’s classification, Kirkpat- 
ricks Lake is a temperate lake of the third order. 
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Fig. 4. Relationship of Kirkpatricks Lake to the Cumberland River and the surrounding area. 
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It is shallow, especially at the ends, with the bottom 
sloping gradually from the edge to a depth of 2.1 
meters in a narrow area along the long axis; there is 
one hole three meters deep opposite one embayment 
(Fig. 4). The bottom is silty in the shallower water 
but with a more solid mud bottom in deeper parts. 
The temperature is fairly uniform, from top to bot- 
tom, save for several weeks each summer, when sur- 
face temperatures are high because of direct radia- 
tion from the sun. The lake has not had an ice 
cover during the time of this study, and local resi- 
dents state that in only one or two winters in the 
past has there been any ice. 

There are few species of plants in the lake, and 
little submerged vegetation. A small amount of 
Spirogyra is present during the winter, and some 
during the entire year at a spring. Numerous fila- 
ments of Nostoe are found in the plankton samples 
at all seasons, and their ball-like masses sometimes 
are attached to supports in the water. The only 


floating vegetation is a small quantity of Lemna 
minor L. during the late spring and summer. The 
only abundant emergent plant is Dianthera americana 
Vahl, in large beds that usually extend several feet 
out from the shore (Fig. 5). This plant is impor- 
tant as a support for hydras. 





Fig. 5. Bed of Dianthera americana bordering lake 


shore. 


The chemistry of the lake is unusual in that dur- 
ing most of the summer and until late fall the pH 
varies from 8.0 to 9.0, there is no free carbon diox- 
ide, the alkalinity due to normal carbonates is only 
a few parts per million, and the total alkalinity is 
from 60 to 75 parts per million. From late fall 
through early spring the pH is somewhat lower— 
7.2 to 7.8—and there is a little free carbon dioxide. 
The total alkalinity is about the same as in the sum- 
mer and fall, and there is always a relatively large 
amount of dissolved oxygen present. The presence 
of dissolved carbon dioxide coincides with the seasons 
of heavy rain, probably being brought in by the rain 
and the runoff from the land. Twenty-four hour 
studies during heavy rains in June, 1949, showed 
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that the amount increased during the rains but was 
lost soon after. 

The local climate is much like elsewhere in the 
Central Basin. Precipitation generally is heavy in 
late fall and winter and lighter in the summer. 
During March, 1948, rains were two inches more 
than normal, but from mid-April to the end of Octo- 
ber, there was never enough rain to settle the dust 
on nearby roads. During the summer of 1949, the 
rainfall was nearly normal except in June when the 
amount was four inches above normal. 

Mean temperatures are generally between 30 and 
45° F. in the winter and never exceed 82° in sum- 
mer. Winter low temperatures are occasionally down 
to 4° F., but during the years of this study, no 
ice formed. No summer temperature exceeded 98° F. 
The last spring frosts occurred on March 31, 1947, 
March 29, 1948, and March 28, 1949. The first kill- 
ing frosts were on November 12, 1947, October 18, 
1948, and November 10, 1949. 


DISTRIBUTION OF THE POPULATION 
SEASONAL OCCURRENCE 


The importance of Dianthera americana as sup- 
ports for hydras was obvious from the beginning. 
In the summer of 1949 several procedures were used 
to determine the number of hydras present on Dian- 
thera plants. These studies were continued until the 
disappearance of the plants during the first week in 
November to obtain a picture of the seasonal occur- 
rence of the hydras as related to these supports. 

The quadrat method of determining population 
size was employed, using six beds of D. americana 
as sampling areas in various parts of the lake. The 
same beds were used for determinations on different 
dates. A square wooden frame (internal length of 
0.3 meter) was pressed down on a Dianthera bed 
along the side facing the lake and all plants inside 
the frame were removed. These were placed in a 
large container with preservative and the total num- 
ber of hydras counted after shaking them from the 
plants into the preservative. Counting was facili- 
tated by pouring successive thin layers of the liquid 
into a large dark-colored pan (Table 1; Fig. 6). 

Another method for determining population size 
was by transects through the center of Dianthera 


TABLE 1. Total counts of hydras in quadrats of 
Dianthera beds, number per liter of water, summer of 
1949. 





| | | 


Bed | July/25|Aug. /5|Aug./17|Aug./26| Sept./17| Oct./1 [Oct 22| Nov./5 
este: ane 








A 2206 | 2542 | 2704 | 2681 | 2853 | 2850 | 1932 | 1035 
B 2751 | 2081 | 3119 | 3006 | 3228 | 3484 | 2840 | 1435 
e3 2319 | 2603 | 2850 | 2040 | 2902 | 3049 | 2793 | 1566 
D | 2886 | 3112 | 3512 | 3448 | 3692 | 3500 | 3006 | 2126 
E.. 1447 | 1993 | 2328 | 2517 | 2840 | 2788 | 2044 | 1437 
F.. 1131 | 1468 | 1980 | 2011 | 2214 | 2356 | 1604 | 822 
Mean | 

numbers | 


per liter : 41.8 | 47.8 | 53.6 | 54.6 | 58.3 
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Fic. 6. Abundance of hydras on Dianthera plants, 
summer of 1949, in numbers per liter of water. 


beds. Less labor was involved in counting the hydras 
by this method, and more frequent observations were 
made. Two wires were placed through a bed just 
far enough apart (30 mm.) to include single plants 
between them. The wires were staked on shore and 
fastened to poles driven into the lake bottom beyond 
the Dianthera beds. Each plant between the wires 
was placed in a separate container, shaken vigor- 
ously to dislodge the hydras, and the water contain- 
ing them poured into shallow pans. The total num- 
ber on each plant was counted, and by compiling 
these data for a transect, an indication was obtained 


TABLE 2. Numbers of hydras per plant in a transect 
through a Dianthera bed. From left to right the counts 
progress from the shore to the lakeward plants. The 
caleulated number of hydras per liter of water is shown 
in the column at the right. 





| 
| TnpIvipuaL PLants IN Eacn TRANSECT 


Date |_ i a oR Na eg PA Ee FA 

1949 | Bs 
Shore Lakeward x2 

6/3.. | 3-3-1-0-0-0-0-0-0-9 0-0-0-0-0-1-6-11 4 
6/11. ..| 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-3-4-7-9-10 5 
6/18...| 2-1-0-0-0-0-0-0 0-0-0-0-0-0-0-0-1-6-4-12-19 7 
6/25...| 1-1-1-0--0-0-0-0-0-0-0-0-0-0-0-0-1-2-5-17-30 10 
7/2....| 0-0-9-0-9-0-0-0-0-0-0-0-0-0-0-0-0-0-0-5-9-12-26-28 22 
7/10...| 5-3-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-4-10-17-30-46 | 27 
7/18. ..| 0-0-0-0-0-0-9-0-0-9-0-0-0-0-0-0-0-0-0-0-0-0-2-17-21-42-€6 | 29 
7/26...| 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-10-14-38-46-73 30 
8/3....| 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-2-9-26-F 2-115 36 
8/11...| 2-1-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-2-0-7-19-61 -122 37 
8/18 1-3-1-0-0-9-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-1-3-13-57-141 37 
8/25...) 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-1-2-2-5-22-46-159 | 40 
9/3....| 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-1-2-9-21-49-163 41 
9/10. ..| 0-0-0-0-0-0-0-9-0-0-0-0-0-0-0-9-0-0-0-2-5-18-28-3f-1¢8 43 
9/18. ..| 2-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-3-1-5-9-41-37-172 | 45 
9/25. ..| 0-0-0-0-0-0-0-0-0- 0-0-0-0-0-0-0-0-0-0-0-0-2-13+26-47-185 | 45 
10/3....; 0-0-0-0-0-0-9-0-0-0-0-0-0-0-0-0-0-0-0-2-9-36-42-183 | 45 
10/10...| 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-5-37-48-170 43 
10/17. ..| 0-0-0-0-0-0-0-0-0- 0-0-0-9-0-0-0-0-0-0-0-0-2-24-41-163 38 
11/2....| 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-1 1-23-139 29 
11/9....| 0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-0-0-0-0-0-4--16-108 21 















Eco.toey or Pelmatohydra oligactis IN KiRKPATRICKS LAKE 49 


of the total number of hydras and their distribution 
within the bed (Table 2). The volume of water 
oceupied by the plants in a transect was computed 
from the length of transect, width of the belt oceu- 
pied by the plants, and depth of the water (Fig. 6). 

Quadrats and transects do not sample the popu- 
lation in the same way since a small fraction of a 
transect includes the most heavily populated plants 
while one edge of a quadrat contains heavily popu- 
lated plants. 

The quadrat and transect methods were used only 
in summer and fall because the plants do not grow 
until late spring, and the beds are gone within two 
weeks after the first killing frost. Therefore, if one 
gives attention only to the population on the Dian- 
thera plants, a mistaken idea of the seasonal occur- 
rence of hydras is obtained. The study of other habi- 
tats was begun in the fall of 1947 and continued 
throughout the investigation. 

The importance of parts of trees and shrubs hang- 
ing into the lake as supports for hydras did not be- 
come evident until the spring of 1948. These are 
more permanent supports than the Dianthera plants 
present only in summer and fall. From April, 1948, 
through January, 1950, an attempt was made monthly 
to count the entire population on each of three im- 
mersed willow twigs about 0.5 meter long by 2 mm. 
in diameter. The twig was cut off at the water sur- 
face and the number of hydras on each was counted 
(Fig. 7). 
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Fig. 7. Numbers of hydras per square centimeter on 
willow twigs, plates in undercuts, and roots in undercuts. 


Beginning in 1947, bottom samples were collected 
at irregular intervals by means of a six inch square 
Eckmann dredge and placed separately in wide- 
mouthed bottles to settle. Any hydras present would 
shortly expand and fasten on the sides of the bottle 
or on top of the bottom debris by the time the 
samples were examined on shore. Each sample was 
examined further by pouring out small portions of 
the water into a large pan. During most of the work 
bottom samples were taken at random from numer- 
ous locations, but during the summer and fall of 
1949, however, accurate bottom transects were made 
(Fig. 8). 

When the lake was first visited in August, 1947, 
an interesting characteristic of the shoreline was 
considered of some importance. Most of the shore 
is abrupt, and the water has produced long under- 
cuts extending a foot or more into the bank. No 
hydras were found in these undercuts at first, but 
later the use of glass plates in one revealed their 
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Fic. 8. Numbers of hydras per square meter on the 
bottom. 


presence. A peak population of hydras was reached 
soon after they began to oceupy the undercut area, 
followed promptly by a rapid decline in number 
(Fig. 7). Unsettled weather during the first three 
months of 1948 made further study of this area 
impossible then. 

Hydras in undereuts attach to small plant roots 
in these areas. Every attempt was made to study 
hydras on natural supports and roots from the under- 
cuts were collected at least once a month during 
1949. Roots were collected from a boat, so that the 
number collected and counted varied. Sections of 
roots about 200 x 2 mm. (Fig. 7) were used. 

Study of the distribution and seasonal occurrence 
of hydras has always been a problem because, while 
being attached to some substrate much of the time, 
they can migrate to different substrates or locations 
under changing conditions. The small size of Kirk- 
patricks Lake aided in establishing the fact that 
Pelmatohydra oligactis is present throughout the 
entire year and made it possible to show that the 
populations are located in quite different habitats 
during the various seasons. 

The local seasonal distribution was essentially 
similar each year. Beginning in June the population 
enlarges rapidly and continues to increase to the 
peak, usually during September and October. This 
maximum population is found on Dianthera ameri- 
cana and on twigs hanging in the water, when these 
supports are gray with hydras. The data indicate 
that the number in the vicinity of the Dianthera is 
between 45 and 60 per liter (Fig. 6). On willow 
twigs for which quantitative determinations were 
made, there were 10 to 12 hydras per square centi- 
meter of twig surface during the period of maximum 
population. Dry weather conditions did not upset 
this maximum appreciably, because such dry condi- 
tions prevailed from the middle of April to the end 
of October in 1948. There was no single rainfall of 
more than a small fraction of an inch, and the lake 
was lowered by almost a meter, yet the hydra popu- 
lation was large in August, September, and October. 
Beginning in October or early November there is a 
rapid decline in the population, which rate of decline 
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remains fairly uniform until January. From this 
latter month the rate of decline decreases, but there 
is still a gradual diminution of the population until 
the minimum number is present during April and 
May. 

With disappearance of the Dianthera after the first 
autumn frost, there is an increase of hydras on the 
lake bottom. The more turbulent conditions of the 
lake during the fall appear also to contribute to dis- 
appearance of much of the population formerly on 
twigs. At this season there is a correlated increase in 
the bottom population and some hydras then migrate 
to the protected undercut areas. The maximum pop- 
ulation on the bottom and in the undercuts is dur- 
ing December and January when hydras elsewhere 
in the lake are close to minimum numbers. This bot- 
tom and undercut population soon begins to decline 
along with the general disappearance of hydras in 
all habitats from February to May. It would appear, 
then, that other factors begin to operate during the 
early months of the year which are unfavorable to 
hydras in any location. With return of the Dian- 
thera and of settled conditions of the lake during 
June, there is a general return migration of hydras 
from the bottom and undercut areas to the emergent 
plants and the twigs. 

Throughout the entire year, twigs hanging in the 
water and the bottom are the substrates most con- 
sistently used. The average number of hydras per 
square centimeter of twig surface may be less than 
one, and the average per square meter of bottom 
may be as low as eight, but some hydras are always 
present in these habitats. This seems to be true 
even under severe conditions as during the winter of 
1947-48. Heavy snows, followed by rapid thawing, 
produced high floods in the Cumberland River. Dur- 
ing January, the lake was completely covered with 
only the tops of trees visible. These conditions con- 
tinued for two months with diminishing s>verity. 
Bottom samples were taken in Mareh (Fig. 8) and 
twigs were collected in April (Fig. 7), when hydras 
were found in both situations. 

There have been few investigations of the seasonal 
distribution of hydras throughout the year. Miller 
(1936) found Pelmatohydra oligactis throughout the 
year in Douglas Lake, Michigan, although the loza- 
tion of the population at some seasons was not 
established. The seasonal distribution in Kirkpatricks 
Lake seems to present a similar picture each year, 
but Welch and Loomis (1924) and Miller found 
the seasonal occurrence was not always the same in 
Douglas Lake. A marked decrease on bulrushes usu- 
ally occurred: there during July and August, but 
oceasionally there was an increase of hydras in 
August. Miller found that hydras were most abun- 
dant during early summer and fewest during middle 
and late winter. Smallwood (1918) reported large 
numbers of budding hydras in January, February, 
and March (when hydras were declining in numbers 
in Kirkpatricks Lake). Rowan (1930) found that 
a series of frosts proved fatal to Hydra canadensis 
in Canadian waters. 
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VERTICAL DISTRIBUTION 

Use of artificial supports for study of the popu- 
lations of Pelmatohydra oligactis in Kirkpatricks 
Lake began early in this investigation. Several types 
of artificial supports have been used in limnological 
and oceanographical investigations to study bacteria, 
algae, and some invertebrates. Most valuable of all 
such supports are those of glass surfaces. Welch 
{1948) described glass slide boxes used in limno- 
logical work; Miller (1936) used frames with glass 
slides for his ecological study of P. oligactis in 
Douglas Lake; and Newcombe and Slater (1950) 
employed trays containing slides for the study of 
attachment materials in Sodon Lake, Michigan. 

The use of glass slide boxes is a rough method, 
yielding data only of comparative value. The writer 
used individual plates, 50 x 75 mm., mounted in a 
narrow wooden frame and suspended in the water on 
supple wire of small diameter; or the wires were 
attached directly to the plates without a frame. The 
plates provided rough data concerning population 
densities of hydras at various locations and were 
used for determining the numbers at various seasons, 
as well as for studying the effects which other peri- 
phyton, collecting on the plates, have on the attach- 
ment and dispersal of hydras. 

The plates were used in undercuts, where it would 
have been difficult or impossible to use slide racks. 
To study a slide, it was removed from the lake and 
placed upright in a small square aquarium, the 
hydras counted, and the plate then returned to its 
former position. 

The writer does not believe that data from glass 
plates can be compared directly with those from 
natural supports having the same total area. Young 
(1945) noted there was a certain amount of selec- 
tivitv in the use of glass plates by different organ- 
isms under the same environmental conditions. Glo- 
eotrichia, for example, was abundant on Scirpus, 
but not on glass slides under the same conditions. 
An organism may not use a glass slide as frequently 
2s a natural support. Pelmatohydra oligactis will 
use glass slides when available for attachment 
(Miller 1936), but there is no indication that popu- 
lations are as heavy or heavier than on natural sup- 
rorts. Beesuse uncertainty exists as to the selec- 
tive value of plates versus natural supports, the data 
from plates are qualitative. 

Plates were placed on August 26, 1947, and exam- 
ined at approximately weekly intervals between Sep- 
tember 2 and December 18, 1947. These plates were 
set in various habitats and from just below the sur- 
face to the bottom (Table 3). The vertical distribu- 
tion of hydras, as determined by populations on 
these plates is not static, but constantly changing. 
The population among the willow twigs and maple 
twigs (pletes 9 and 10, Table 3) was large and 
consistently present throughout this series of ob- 
servations. The distribution in the undereuts (plate 
8) was unique in that it became a factor in vertical 
distribution only during November and December. 

The mean vertical distribution in the vicinity of 
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TaBLe 3. Hydra populations on glass plates in Kirk- 
patricks Lake, August 26 to December 18, 1947. 
lsifi@latoiatialsieietele 
.% ocatic lelele| | lSlelels ; 
plate «EEE S85 /2|2 |2| 2/8) 2 
1 Open water, 5 em. ; | | | | 

below surface | 2| 10| 13) 26 24) 3) 0} 0} 0} 0} 0 0 
2 Open water at 0.6m.in| | | i 

water 1.2 meters deey 5| 17! 27| 55) 62) 31) 24 3) 0; O}| 0} 6 
3 Just above bottom in | | | 

water 1.2 metersdeep..| 0} 0] 0| 0} 0| 0} 0} 0| 0} 0| 0 0 
4 Adjoining Dianthera bed; | | 

5 cm. below surface....| 9] 10} 20] 32] 34] 14) 11] 1| 1) 0] 0) O 
5 Adjoining Dianthera bed; Pol | 

15 cm. below surface 17} 29] 41]135]171/103] 77) 31] 16} 7} 1) 1 


6 Adjoining Dianthera bed; | 
just above bottom— 











0.6 m. water 





| 
| 
7 Just above bottom in | 
water 0.6 m. deep; | | | 
leaves on bottom | ol 1} 3] 9} 8] 12] 15] 4) 4) 6) 5] 5 
8 Undercut area along shore 0} 0} 0} 0 0| | 9| 72} 89)146|129|107 
9 Among willow twigs; 
plate 10 cm. deep } 28) 37| 60/102/163) Too numerous to count 
10 Among maple twigs; | 
plate 10 cm. deep 19} 41] 74|124/172| Too numerous to count 
11 Among sycamore twigs; | 
plate 10 cm. deep 0} oO; oO} OF} 1) 1] 1) OF O} O} O} CO 
12 Shallow end of lake; | 
water less than 0.3 m. 
deep | 0| 0 0) 0; 0} 0 

















Dianthera plants (plates 4, 5, and 6) and in water 
1.2 meters deep (plates 1, 2, and 3) is shown graph- 
ically in Fig. 9. Among overhanging sycamore twigs 
(plate 11) and in shallow water at the end of the 
lake (plate 12) no hydras were found during these 
several months. The leaf-covered bottom (plate 7) 
supported a few hydras during the last four months 
of 1947. 
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Fic. 9. Mean vertical distribution of hydras on 
plates near Dianthera plants and in open water, Sep- 
tember to December, 1947. 
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The use of plates during the first four months of 
this study merely suggested certain things about 
vertical distribution of the hydras. There is appar- 
ently an uneven distribution of hydras vertically in 
the vicinity of the Dianthera and in open water 
(Fig. 9). Twigs of trees hanging in the water carry 
large populations and probably a differential dis- 
tribution exists there also. 

During 1948, quantitative studies were made of 
the vertical distribution of hydras on Dianthera 
plants. Entire plants were taken up, including the 
roots, and eut into 50 mm. sections, each section 
being placed in a separate container. The number 
of hydras on each section was determined, to provide 
a picture of vertical distribution on the plant. By 
the end of May, the Dianthera had grown to the 
surface of the water, and examination of the popula- 
tion of hydras on these plants was begun. From two 
to five plants were examined each week, using those 
in water about 0.6 meter deep (Table 4, Fig. 10). 


TABLE 4. Average numbers of hydras on 5-centimeter 
sections of individual Dianthera plants during 1948. 
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SECTIONS IN CENTIMETERS, BEGINNING AT WATER SURFACE 
AND PROCEEDING TOWARD BOTTOM 


Fig. 10. Mean numbers of hydras on each 5 em. sec- 
tion of Dianthera plants below the water surface in the 
lake and on plants in aquaria. 


The first 50 mm. of the stem below the water sur- 
face had a few hydras when the weather was serene, 
but none at other times. The area from 50 to 100 
mm. had a small population, that was present con- 
sistently until the plants died in the fall. Between 
100 and 150 mm. there were larger populations than 
on any other section. That between 150 and 200 


mm. was smaller than on the section immediately 
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above, but larger than the population on the 50 to 
100 mm. section. The remainder of the stem between 
200 and 450 mm. had oceasional hydras along its 
length. Below 450 mm., there were none on the 
plants at any time. The number varied from one 
date to another, being larger later in the summer. 

An attempt was made to simulate the lake condi- 
tions as nearly as possible in a large aquarium, al- 
most. one meter deep, placed outdoors, but not in 
direct sunlight. Several Dianthera were planted in 
the bottom and the aquarium filled with lake water 
to which large numbers of hydras were added. After 
several days the hydras were not distributed in any 
particular pattern. The glass sides were covered 
then with thin brown wrapping paper to shut out 
most of the lateral light. After two days, most of 
the hydras on the Dianthera were found from the 
surface to about 20 em. below. Most of those on the 
sides were attached above the 20 em. level. An elec- 
tric fan was used to agitate the surface water gently 
for an hour to simulate wave action. At the end of 
this time, some hydras were temporary plankters 
and others were on the bottom. The upper 2 to 5 
em. of the plants were no longer occupied, but the 
rest of the band down to the 20 em, level seemed un- 
disturbed. The hydras on the sides of the aquarium 
had been dislodged in greater numbers by the agita- 
tation of the water, and roughly, there was an area 
from the surface to between 4 and 6 em. deep which 
had none. Below this level the animals were un- 
disturbed. 

Two plants were examined after removal from the 
aquarium, one before, and the second after, agitation 
of the water. These were cut into sections, and the 
number of hydras on each section were counted 
(Fig. 10). The distribution of hydras in the lake on 
D. americana is much like that in the aquarium after 
wind agitation. The band of heavy population was 
somewhat wider in the aquarium, but the number of 
hydras available to populate the plants under the 
artificial conditions may have been larger. If there 
was no wave action in the lake, the vertical distribu- 
tion on Dianthera plants might be like that of plants 
in the aquarium before agitating the water. 

The vertical distribution of the hydras on the im- 
mersed twigs was investigated similarly. Twigs about 
0.5 meter long were cut at the surface of the water. 
If the number of hydras was small, they were counted 
directly on each 5 em. section. If the number was 
large, the twig was cut into sections and those on 
each section counted separately after shaking them 
into shallow containers. The twigs were those of 
willows hanging into the water, and the counts shown 
in Table 5 are the average numbers of hvdras from 
three twigs collected on any one day. These data 
show that the vertical distribution on twigs in the 
period from February through June is entirely dif- 
ferent from that of July through January. The 
peculiar distribution of hydras only at the tip of the 
stem is found in months when the population is ap- 
proaching a minimum and for a short time after it 
begins to increase. A vertical distribution along the 
length of the stem is found during the summer, fall, 
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TABLE 5. Mean numbers of hydras on 5-centimeter sections of submerged willow twigs, 1948-49. 
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and early winter. The mean numbers at each 5 em. 
level for both aspects of the distribution are shown 
in Fig. 11. 

The difficulties of collecting tiny roots from the 
undercuts were never entirely overcome because it 
was impossible to see the roots while collecting or 
to determine whether some hydras became detached 
during the process; furthermore, the entire roots 
may not have been taken at the top of the undercut. 
Large populations were present on these roots only 
from October through January (Fig. 7), but they 
covered the roots almost completely; during the 
months when fewer they were more scattered. At 
no time was any vertical concentration apparent. 

There is no submerged plant life in the lake, ex- 
cept for Nostoe filaments in the plankton and a 
small amount of Spirogyra around a spring in one 
embayment, and hence no plant habitats for hydras 
in open water beyond the Dianthera beds and the 
overhanging branches of trees and shrubs. Hydras 
apparently occur in the open water as plankters 
more frequently than they are found in plankton 
samples. Plates 1 and 2 (Table 3) give an indica- 
tion of the possible numbers which might occur on 
supports in open water if supports were present 
naturally. Examination of plates at depths greater 
than 0.6 meter below the surface yielded entirely 
negative results. 

Opportunity for hydras to attach on plates in 
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Fig. 11. Mean numbers of hydras on willow twigs 
hanging in the water, 1948-1949. 





TABLE 6. Distribution of hydras on glass plates ver- 
tically arranged from the surface of lake to bottom. 
Ezeh plate had an initial population of about 25 hydras. 
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Fig. 12. Mean numbers of hydras on plates suspended 
at various depths in water 1.2 meters deep. 
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areas where there were no natural supports is prob- 
ably small because plankters which accidentally came 
in contact with the plates would be the only ones 
available. A series of experiments were performed 
in which plates with initial populations of 20 to 25 
hydras were hung at various depths from the sur- 
face to the bottom in water 1.2 meters deep. At the 
end of two’ weeks the plates were removed from the 
lake, and the hydras counted (Table 6, Fig. 12). 

Hydras on plates in unfavorable positions appar- 
ently departed quickly. At 8 A.M. on a day when the 
water was somewhat disturbed by wave action, 10 
populated plates were hung just below the surface 
of the water and the hydras remaining counted at 
the end of each hour (Table 7). More than half 
of them had gone within in an hour and only four 
individuals remained five hours after starting the 
experiment. 


TABLE 7. Hourly records of hydra populations on 
plates suspended immediately below surface of water. 





Number of 


Plate | hydras on | NumBer Or Hypras Remarnine AT 
number | plate at |————,—-—,—-——— - 
| 8:00 a.m. | 9:00) 10:00) 11:00) 12:00 1:00) 2:00; 3:00 
ap 2% |12|/ 7/3] 0 } | 
a ies 32 18; 8 6 2 0 
Biota a 24 10 4 1 0 
ae 18 61-3,.1-3 a | | 
ae 20 8 4 | 4 2 eh PS 0 
Seer 40 146; 9 | 4 | 4 3 11 0 
Weve x2 32 ae ie aD 
eae 18 yo | 
we. | 42 }19|12 | 6 | 2 |0 
_ ee | 36 20; 9 | 3 | a 
Means. 29 13 | 6 3 | 1.5) 0.4; 0.2) 0 





Little was learned concerning hydras as plankters 
although one trial is of some interest. Late in the 
summer of 1948, some hydras were stained with Nile 
blue sulfate, using modification of a method sug- 
gested by Weimer (1926), and placed in the lake on 
plates, in the hope that they could be followed in- 
dividually for long periods. However, most of them 
were soon lost from the plates. Three weeks after 
the blue hydras were placed near the middle of the 
southeast side, one was found on a willow twig near 
the northeast shore. Later others appeared in vari- 
ous parts of the lake. 

The problem of hydras as plankters has been of 
some interest for all who have investigated these 
organisms in their natural habitats. Welch and 
Loomis (1924) found hydras abundant in the plank- 
ton of Douglas Lake, Michigan. Miller (1936), in 
a more extcnsive study on the same lake, noted few 
in plankton samples; he considered the possibility 
that storms detach the hydras, but he found few 
or none at such times. Kofoid (1908) and Needham 
& Lloyd (1930) both mentioned large numbers of 
hydras as plankters, but they were collecting in 
stream channels. The movements of hydras in Kirk- 








Ecological Monographs 

Vol. 22, No.1 
patricks Lake must often involve them as plankters. 
They were not found often in plankton samples, but 
there is evidence of their movements through the 
water, such as the rapid population of plates and 
the long trips of the bluish-colored hydras. 

Miller (1936) found P. oligactis to be unevenly 
distributed on bulrushes in Douglas Lake. They were 
usually absent from the first 8 to 10 em. below the 
surface, but on calm days might be only 2 to 3 em. 
below the surface. There were few toward the lower 
end of the bulrush stems, and the lower 8 to 10 em. 
rarely supported any. He found no large popula- 
tion of hydras on one portion of the stem, but some 
young plants had bands with many hydras alternat- 
ing with others unpopulated. Young (1945) also re- 
ported a sparseness of hydras near the surface on 
bulrushes in Douglas Lake. 


Horizontal DISTRIBUTION 


Glass plates placed at various locations during the 
last four months of 1947 (Table 3) gave an indica- 
tion of the differential horizontal distribution. Plates 
(Nos. 4, 5, and 6 in Table 3) in the vicinity of a 
Dianthera bed were carrying hydras soon after being 
placed. Great numbers migrated onto plates 9 and 
10 that were hung among maple and willow twigs 
but only one hydra was found on a plate (No. 11) 
hung among sycamore twigs. In open water, away 
from Dianthera beds and overhanging trees, there 
were hydras on the plates (Nos. 1 and 2) at depths 
of 5 em. and 0.6 meter. Another (No. 6) hung just 
above bottom lacking a leaf cover in 0.6 meter of 
water consistently had a few hydras and plate 7, 
which was over a bottom covered with leaves, con- 
sistently carried a few more hydras than the former. 
Plate 3, hung just above the bottom in 1.2 meters of 
water and plate 12 at the shallow end of the lake 
never were occupied at any time. By the first week 
in November, plate 8 in the undereut began to be 
populated, and by the end of November, hydras were 
found there abundantly; they were also on sub- 
merged twigs of some trees, and a few were on the 
hottom in water 0.6 meter deep. 

Hydras were found on plants in every Dianthera 
bed, but all of the plants in a bed did not have a 
population. Plants on the exterior of a bed carried 
large populations, but the dense nature of the bed 
is such that the plants toward the center cannot 
support hydras. Silt collects around the inner plants, 
various kinds of debris gather there, and the water 
circulation is poor. To determine how many plants 
in a bed were occupied, transects were made as often 
as possible by methods already described (Table 2). 
There are two kinds of Dianthera beds: one type 
where the bank drops sharply and the bed grows 
close to the bank; there are no hydras on the shore- 
ward side of such a bed. The other kind is found 
where there is a gradual shore line, and the bed 
does not reach close to the shore. There may be 
hydras on the plants on the shoreward side in this 
type. Both kinds of beds were transected, and some 
of both types are included in Table 2. 

It was impossible to make more than one transect 
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on any date; the trend of the counts would indicate 
that, although more plants from the lakeward edge 
of the bed were occupied later in the summer, the 
middle of the bed never had a hydra population. 
When the beds were younger in June, the hydra 
population was smaller, and, consequently, not as 
many plants in this younger bed were occupied as 
one might expect, considering its more open con- 
dition. By separating the data for beds having hy- 
dras on the shoreward side from those that do not, 
an average pattern of the distribution in each type 
was obtained (Table 8). 


TABLE 8. Mean numbers of hydras on each plant in 
a transect through a bed close to a gradual shoreline 
and one against an abrupt bank. The shoreward plants 
are to the left in the table. 





Mean numbers of hydras per plant 


Bed close i « 


gradual shoreline. ..| 2-2-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-2-5- 14-31-77 


Bed against abrupt | 
wnk,............| 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0—"-2-8-22-38-124 


There is a bordering edge of plants around the 
lakeward side of a Dianthera bed that has many 
hydras as compared to other plants in the bed. 
Transects through beds (Table 2) showed a large 
population on the first plant followed by a smaller 
population on the second, and so on until there are 
none at three to seven plants into the bed. This con- 
dition was found in every bed studied. The average 
number of plants carrying hydras in a line through 


a bed from the shoreward side is five. The ocea- 
sional bed near a gradually sloping shoreline does 


not grow to the shoreline and from one to three 
plants into the bed on the shoreward side may have 
an occasional hydra. Table 8 shows that there is a 
mass of plants, 15 to 20 in a row, within a bed, 
that are lacking hydras, conditions within the beds 
being extremely unfavorable for the animals. 
Kirkpatricks Lake is almost surrounded by trees 
and shrubs growing close to the water’s edge. Most 
of these plants have branches and twigs hanging 
into the water that serve as habitats for hydras and 
are important in the horizontal distribution of the 
animals. A map was prepared to locate and identify 
the trees and shrubs with immersed twigs (Fig. 1). 
Sections of these plants were examined for hydras 
by slipping a metal tube 5 em. long (internal diam- 
eter one cm.) over a submerged branch to surround 
the branch but not rub against it. The branch was 
cut at both ends of the tube, and the 5 em. section 
was dropped into a container of water. The hydras 
were shaken from the segment and counted (Table 
9). The counts show that Pelmatohydra exhibits 
some substrate selection. The average number per 
square centimeter of stem surface was 17 on maple, 
willow, elm, osage orange, button bush, hackberry, 
and wild grape. Oak twigs, on the other hand, had 
ro hydras, and syeamore twigs only an occasional 
individual. 
Many bottom samples were taken, but hydras were 
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TABLE 9. Numbers of hydras on sections of stems 
of trees and shrubs hanging into the lake. Each section 
was 5 em. long and about 1 em. in diameter. 





| Mean no./ 


sq. em. 
Maple 247) 225) 289) 212| 311) 276; 243 16 
Willow. 320) 278| 331| 309] 262) 285). . 19 
Elm.... 219} 183} 149} 205) 167)... ; 12 
Osage orange | 340) 296) 253) 307) 283) 249).... 18 
Sycamore.... 0 0 2 0 4 0 0 
Button bush.| 369) 304) 324| 400) 373) 313) 297 21 
Hackberry...| 126) 192] 148] 170)....|....]... 10 
Wild grape. .| 383) 331] 369] 340) 328)....)... 22 
| eee rn 0 0 0 0 0 0 0 0 
usually found only in the shallower water. Small 


numbers were found during the spring and summer, 
but larger bottom populations were present in late 
fall and winter (Fig. 8). The possibility of a dif- 
ferential apportionment of hydras on the bottom 
made accurate sampling necessary. Several sets of 
bottom samples were made at different time to deter- 
mine both seasonal and horizontal distribution. 
Eight ropes were placed across the shorter dimension 
of the lake at intervals, each tied to permanent 
stakes on opposite shores. A boat was used to col- 
lect samples at measured intervals along the ropes. 
Samples were collected with a six-inch square Eek- 
mann Dredge, and an attempt was made to take each 
succeeding sample at a different depth across the 
lake (Fig. 1). The samples were placed separately 
in large containers and examined by pouring out 
successive thin layers of the liquid into large flat 
pans and searching for hydras. This method was 
used in August and October, 1949, and in January, 
1950 (Table 10, Fig. 13). 

In August, the number present per square meter 
of bottom was small at all depths (Table 10). There 
more at 0.45 meter and 0.6 meter than any 
other depths and there were none on the bottom be- 
yond a depth of 0.9 meter. In October there were 
larger numbers on the bottom, and to a depth of 
1.5 meters. At this time, the number per 
meter in water up to 0.9 meter deep was large com- 
pared to those in August, and there were fewer from 
that depth to 1.5 meters. The depths in whieh hy- 
dras were found during January, 1950, were the 


were 


square 


TABLE 10. Distribution of hydra on the bottom at 
various depths by bottom transects. 





Aveust 15, 1949 | Ocroper 22, 1949 | Janvary 3, 1950 


Depth | Number z - oy * s 
in of 
meters | samples | Number | Mean no. | Number | Mean no. | Number | Mean no. 
per m? per m? per m2 

0.3 4 4 43 29 310 29 310 
0.45 4 7 75 33 350 33 350 
0.6 22 48 94 188 368 190 371 
0.9 12 3 11 27 97 53 194 
1.2 10 0 0 14 60 35 151 
1.5 12 0 0 2 7 6 21 
1.8 14 0 0 0 0 0 0 
2.0 5 0 0 0 0 0 0 
2.4 2 0 0 0 0 0 0 
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Fig. 13. 
bottom at 
transects. 


Numbers of hydras per square meter of 
various depths as determined by bottom 


same as in October. Using the chi-square test, 
there is a significant difference in the mean number 
of hydras per square meter on the bottom in October 
and in January. The larger numbers found in Jan- 
uary were all at depths below 0.9 meter. None was 
found below 1.5 meters. 

The extensive use of the bottom by hydras down 
to a depth of 0.9 meter seems to be associated with 
two things. During the summer, Dianthera plants 
grow out to this depth, and hydras may be crowded 
off heavily populated plants at the 0.9 meter depth 
and then fall to the bottom. With the beginning of 
leaf fall from trees in the autumn, the bottom out 
to this depth becomes covered with leaves; earlier ob- 
servations (Table 3) showed that leaf-covered bot- 
toms are more favorable habitats than silty bottoms. 
Plate 6 in Table 3 was just above a nonleaf covered 
bottom and supported an average of only two hydras 
during the period of observation, but plate 7 over 
a leaf-covered bottom had an average of six. The 
large bottom: population during October corresponds 
with the beginning of disappearance of Dianthera 
beds. Quadrats (Table 1) taken at this time showed 
fewer hydras per liter near the plants than three 
weeks earlier. 

Bottom transects were not used in the late spring, 
but random sampling during May 1948, showed a 
mean of only eight hydras per square meter of bot- 
tom. In March 1949, there was an average of 68 
per square meter, but in June 1949, only 11 per 
square meter (Fig. 8). The lake bottom probably 
has the largest population of hydras in January. 

The undercuts were not involved in the horizontal 
distribution until September or October. In 1947, 


hydras did not appear in the undercuts until late 
October; in 1949, they disappeared from the under- 
cuts in June and reappeared in September. Larger 
numbers were not present until October (Fig. 7). 
Since undercuts are present around most of the 
lake border, they are important in horizontal dis- 
tribution during the winter. 
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If supports were present in the open water away 
from Dianthera beds and overhanging twigs, hydras 
would be found there in large numbers (Table 3). 
Because of the lack of supports, however, the only 
ones in open water are those which are plankters. 

In summary, horizontal distribution of the hydra 
population is related to the plant life and the bot- 
tom. Dianthera plants support hydras when the 
plants are along the outer lakeward edge of the 
beds. Hydras are found also on some plants along 
the shoreward edge of a bed if the latter is near 
a gradual shoreline but not against an abrupt bank. 

Hvdras are found on the twigs of most trees and 
shrubs hanging into the water, but rarely on syca- 
more and not on oak twigs. Most of the other plants 
around the lake are more numerous than oaks or 
syeamores (Fig. 1), but the peripheral horizontal 
distribution of hydras is broken wherever one of 
these two specics of trees occurs. On twigs other 
than those of oaks and syeamores, the distribution 
is not uniform (Table 9). The standard error is 1.7 
hydras, a highly significant difference. Therefore, 
the peripheral horizontal distribution of hydras 
changes from one tree to another around the lake. 
Miller (1936) noticed in Douglas Lake that the 
distribution of hydras in a particular habitat may 
be quite different on various species of plants. 
Young (1945) pointed out that tree twigs do not 
carry many Pelmatohydra. He does not make it 
completely clear, however. whether some twigs ear- 
ried more hydras than others. 

Hydras are always found on the bottom. Fewer 
were found at depths of less than 0.6 meter, and 
none beyond 1.5 meters. There are more hydras on 
leaf covered than silty bottom and large numbers 
are on the bottom near the outer edges of Dianthera 
beds. Hydras are present in undereuts during the 
fall. winter, and spring, but not in summer. 

Investigation of the horizontal distribution was 
not practical for Welch & Loomis (1924) or Miller 
(1936) because of the large size of Douglas Lake. 
Miller. however, recognized the problem as one which 
involved the individual supports for hvdras. He 
also indicated that hvdras sometimes live on shallow 
bottoms, but not in deeper water, 


FACTORS AFFECTING OCCURRENCE 
AND DISTRIBUTION 

CHEMICAL Factors AND SEASONAL OCCURRENCE 

Two methods were used to secure water samples. 
A modificd Kemmerer water bottle was used to obtain 
water for determination of chemical conditions at 
various depths. Secondly, since most analyses were 
made from water near the surface, these water 
samples were taken, as needed, in a 500 ¢.c. sampling 
bottle. Tests were made for carbonate and total al- 
kalinity, dissolved oxygen, and free carbon dioxide, 
using procedures outlined in the “Standard Methods 
for the Examination of Water and Sewage” (3rd 
Edition, 1943) with modifications by Shoup (1948). 
Hydrogen ion concentrations were determined by 
solution standards. All analyses were made at the 
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TABLE 11. Data on the chemistry of the water (mean 
values) in Kirkpatricks Lake, based on 119 determina- 
tions. 
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TABLE 12. Changes in carbon dioxide, dissolved oxy- 
gen, acidity, and alkalinity following a period of heavy 
rainfall. 








| | ALKALINITY 
| Free | Dissolved | AcipITY P.P.M. 
Month ; CO, oxygen |—-———|———_—-— 
|p.p.m.| p.p.m. | pH; | pH2|M.O.| P 
January.......| 4 12.4 7.6 | 8.3 | 63 0 
February...... 4.5 12.0 7.6 | 8.4 | 60 0 
ee 2 11.6 7.6 | 8.1 | 48 0 
April 4.4 11.5 7.8 | 8.3 | 66 0 
_. eee 1.6 10.4 8.3 | 8.4 74 0 
ee aes 0 8.1 8.8 | 8.8 | 79 9.6 
NG eek oe 0 8.0 8.8 | 8.8] 73 9.0 
Ci 0 8.4 8.9) 8.9] 7% 9.5 
September.....| 0 9.3 8.6 | 8.6} 74 6.8 
October ........ 2.9 9.9 SO 1821 @ 0 
November..... 3.4 11.8 7.4|8.2| 74 0 
December.....| 3.7 12.0 7.7 18.3 | 69 0 
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lake as soon as samples were taken (Table 11). Hy- 
drogen ion concentration is expressed in terms of 
pH, and pH, for unaerated and aerated samples. 

During late spring, summer, and early fall, the 
lake showed alkaline conditions regarded as char- 
acteristic of limestone regions in the Central Basin of 
Tennessee (Shoup, 1950). Phenolphthalein alkalin- 
ity is present and is an indication of carbonates or 
“bound” earbon dioxide. From early fall until late 
spring, however, there is no phenolphthalein alka- 
linity, and the whole of the titratable alkalinity is 
due to bicarbonate. There is always a small quantity 
of free carbon dioxide present during this portion of 
the year. 

This observed seasonal difference in the water 
chemistry seems to be the result of the heavy rain- 
fall of the autumn, winter, and spring in Wilson 
County. Water draining from the surrounding land 
brings in a quantity of dissolved carbon dioxide 
which influences chemical conditions in the lake. Dur- 
ing the summer of 1949 there were opportunities to 
study the disturbance of the alkalinity from the ef- 
fects of heavy rainfall (Table 12). The alkaline 
conditions in the lake are disturbed only tempo- 
rarily by a heavy rain, but the large amount and 
consequent drainage from the surrounding land in 
the late fall, winter, and spring, mask the alkaline 
conditions during these seasons. 

The dissolved oxygen supply was always sufficient 
to maintain the hydra population, decreasing only 
to 7.4 parts per million during adverse conditions 
of diminished photosynthetic activity or high water 
temperatures. The range of the pH was from 7.6 to 
9.4. Readings above 8.8 were recorded only ocea- 
sionally and in summer and early fall when large 
populations existed. 

Miller (1936) has reviewed the literature on the 
influence of pH on hydras. It has been shown that 
various species can live satisfactorily at a pH of 
6.8 to 8.4. The author has observed P. oligactis over 
long periods and found them very tolerant, thriving 
well in the above range and beyond in a few eases, 
Welch & Loomis (1924) found that Pelmatohydra 




















Dis- | Temperatures | AcipiTy | ALKALINITY 
Date Free | solved 
1949 Time CO2 | oxygen | 
p.p.m.| p.p.m.| Air | Water | M.O. Pp. 
7 °F. | pH: | pHe |P-P.m. p.p.m. 
7/5 10:30 AM 0 7.4 82 84 86/86 | 61 4.5 
7/6 | 1:00 PM 0 7.8 86 84 84/84] 65 2.1 
7/7 6:00 PM 2 7.8 §3 84 8.2) 8.5 68 0 
7/7 8:00 PM 3 §0 84 82/| 8.4 | 68 0 
7/7 10:00 PM| 3 78 84 |8.2|84]| 68 0 
7/7 11:30 PM 2 6.0 78 84 82|);84) 67 0 
7/8....! 2:00AM| 2 74 83 | 8.2] 8.4] 68 0 
7/8 4:00 AM 1.5 71 83 8.2 | 8.3 | 69 0 
7/8 6:00 AM Ll 88 70 83 82/83] 68 0 
7/8 8:00 AM 1.0 75 84 8.2|83 64 0 
7/8 9:00 AM 1.0 82 85 82 | 8.3 64 0 
7/8 10:00 AM 0 ; 86 86 8 4| 8.4 63 1 
7/8 11:00 AM 0 7.4 88 89 8.4/8 4 63 3 
7/10 10:00 AM| 0 7.8 83 85 8.8 | 8.8 | 65 5.7 





























in Douglas Lake required at least 0.3 ¢.c. of dis- 
solved oxygen per liter. This low limiting value for 
maintenance is not surprising in view of the simple 
dependence of hydras on diffusion for their oxygen 
supply. Little or nothing is known of the influence 
of alkalinity upon hydras. 

Consideration of Figure 14 showing the phenol- 
phthalein alkalinity, free carbon dioxide, and dis- 
solved oxygen and Figure 7 showing the mean hydra 
populations on various supports, indicates that the 
chemical conditions studied do not directly influence 
the abundance of hydras. 


~~~ FREE CARBON DIOXIDE 
oase DISSOLVED OXYGEN 
5c ——— _ PHENOLPHTHALEIN ALKALINITY 





PARTS PER MILLION 











Fic. 14. Records of dissolved oxygen, free carbon 
dioxide, and phenolphthalein alkalinity in Kirkpatricks 
Lake. 


TEMPERATURE IN RELATION TO OCCURRENCE 
AND DISTRIBUTION 

For surface water readings, a good field thermom- 
eter, calibrated in degrees Fahrenheit, was submerged 
in an inclined position and read, after an adjustment 
interval. During 1948 and 1949, a maximum-mini- 
mum thermometer served to record the total daily 
fluctuations in water temperature. 

Kirkpatricks Lake has no well defined thermal 
regions. There is an almost constant wind action 
which produces continuous circulation of the water. 
Water temperatures (Figs. 15 and 16) during the 
winter are seldom below 40° F. During May, 1948, 
the temperature began to rise rapidly and, from the 
beginning of June to the first of September, there 
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90 The summer water temperatures were high in 
| 1948 and 1949, above 70° F. from the first of June 
sol until September in 1948 and until October in 1949. 
~ During July and August, 1949, there were no daily 
E sol minimum temperatures below 78° F. During both 
S summers, the hydras were increasing during these 
S months as shown by the population on Dianthera 
a | (Fig. 6) and willow twigs (Fig. 7). The maximum 
5 populations oceurred shortly after the seasonal tem- 
a SOF peratures began to drop. 
= Most of the lake surface is shaded from direct sun- 
ob light for long periods by the trees growing along 
{ the borders. Only the central part receives sunlight 
ol n 1 1 n n n n tee throughout the day. During the summer of 1949, 
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Fig. 15. Maximum and minimum temperatures of 
surface water in Kirkpatricks Lake, 1948. 
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Fig. 16. Maximum and minimum temperatures of 

surface water in Kirkpatricks Lake, 1949. 








were no minimum temperatures below 70° F. The 
highest temperature, of 84° F., was recorded in June. 
Temperatures remained between 62 and 68° F. dur- 
ing September and then dropped during October 
and November until around 40° F. in the middle of 
the latter month. Rise in temperature began during 
late March in 1949 and continued until maximum 
temperatures were reached in July. During July 
and the first part of August, the highest tempera- 
tures were recorded, occasionally reaching 89° F. 
Temperatures remained above 70° F. until October 
and were between 60 and 70° F. in October. Tem- 
peratures in late November and December were be- 
tween 42 and 46° F. for maxima and 39 to 45° F. 
for minima. 

The decrease in numbers of hydras on the willow 
twigs (Fig. 7) begins with low winter temperatures. 
This reduction may be due both to hydras leaving 
the twigs and to the lack of replacement by budding. 
Budding rates are not as rapid in the late fall. Ac- 
tually, the buds are formed, but are not detached. 
They remain on the parents for as much as a month. 
Trembley (1744) found that hydras produced buds 
at 40 to 46° F., but that they remained attached to 
the parent for about a month. 





twigs on a dead willow drooping into the water 
heated by sunlight all day had a hydra population. 
As the water temperature at this site was high to- 
ward the end of June, daily maximum and minimum 
temperatures were taken during July, and the num- 
ber of hydras per sqare centimeter of twig surface 
were counted several times (Fig. 17). Despite high 
maximum and minimum temperatures during the 
month, the hydra population was not reduced, 
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Fig. 17. Daily maximum and minimum lake surface 


temperatures in Kirkpatricks Lake, July 1949, in area 
of direct sunlight. The number of hydras per square 
centimeter on willow twigs is shown above the base line. 


Several laboratory experiments were made on the 
effect of temperature on P. oligactis. Hydras from 
the lake were placed in a constant temperature 
chamber at 40° F. The light source was an electric 
bulb. They were fed several times a week, and, 
although all of the hydras were budding when 
placed in the chamber, no buds were detached for 
three weeks. Thereafter, an occasional bud was de- 
tached, but when the experiment was discontinued 
at the end of five weeks, more than half of the 
animals still had the buds present when they were 
placed in thé chamber. When placed in the open at 
room temperature (about 70° F.) all detached their 
buds within four days. These hydras had been taken 
from the lake in the fall when the water tempera- 
ture was about 40° F. MeGill, (1908) noted that 
the response of hydras to low temperature depends 
on their condition, especially in relation to the time 
of year when collected. 

In another experiment hydras were kept in the 
constant temperature chamber at 40° F. for a longer 
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time. At the end of six weeks, it was noticed that 
food was not being taken at every opportunity. 
Some buds, although then almost the size of the 
parents, were being resorbed. At the end of two 
months, most of the buds were mere stubs. Food 
was not being used and apparently none of the 
hydras had food in the gastrovascular cavities. After 
about eleven weeks, the hydras were limp and trans- 
parent with tentacles short or lacking. Of the orig- 
inal 40 hydras, 33 that remained were removed from 


the chamber and kept at room temperature. Ten 
recovered and the others disintegrated. The ten 


were soon taking food, and at the end of three weeks, 
had begun to bud, 

During winter the water temperature in the lake 
apparently remains below 50° F. As winter pro- 
gresses, few budding hydras are found, and those 
collected in the spring are transparent, somewhat 
smaller, and with cell layers showing evidence of 
breakdown and reabsorption. Some of these hydras, 
when placed in balanced aquaria, recover and _ be- 
come normal healthy hydras but others do not. 
Greely (1903) found that buds are reabsorbed and 
the cells become undifferentiated at 46° F. When 
the temperature is raised, such hydras may become 
normal again. Greely and also MeGill (1908) found 
in laboratory studies that the time for resorption 
was less than two weeks. The present author found 
that, neither in the lake nor laboratory, has the time 
been so short. 

Considering the data on temperatures and num- 
bers of hydras in Kirkpatricks Lake, and the lab- 
oratory studies, it appears that temperatures of 
around 45° F. long-continued reduce the hydra pop- 
ulation. In view of the confused results that have 
been obtained in the past by numerous investigators, 
using various species of hydras there may be a 
critical temperature in the vicinity of 40 to 50° F.; 
above and below this temperature, hydras can exist 
with little difficulty for long periods. Welch and 
Loomis (1924) mentioned many cases reported to 
them personally and from the literature in which 
hydras were found active at low temperatures. There 
was one report of hydras budding at 4° C. in Lake 
Michigan. Probably not all species of hydras have 
the same reaction to low temperatures. At the winter 
temperatures prevailing in Kirkpatricks Lake, P. 
oligactis ceases budding and finally undergoes resorp- 
tion. This winter temperature in combination with 
the scant food in the areas where overwintering hy- 
dras were found is responsible for the minimum 
population late in the spring. High summer tem- 
peratures in Kirkpatricks Lake, on the other hand, 
did not produce any diminution of the population; 
indeed they may, in part, be responsible for its large 
size during late summer. 

Miller (1936) has reviewed the literature on the 
effect of temperature on hydras. Most of the in- 
vestigations were made in the laboratory, on various 
species of hydras, and may not be applicable to 
all species, especially in nature. The present author, 
using P. oligactis, duplicated most of the experi- 
ments in the papers listed by Miller, and has found 
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close agreement with the work of Trembley (1744), 
Greely (1903), and MeGill (1908). In Douglas Lake 
Miller noticed that rapid increase by budding ap- 
parently ceases sometime before formation of the 
ice cover and is not resumed until after ice leaves 
the lake. Welch and Loomis (1924) coneluded that 
rise of daily maximum temperatures above about 
72° F. for the season and of daily minima above 
68° F. was accompanied by the beginning of hydra 
disappearance. Miller reported that summer tem- 
peratures in Douglas Lake are optimal for hydra 
populations, and do not have any direct influence 
in their reduction. 

Foop as A Factor In OCCURRENCE AND DISTRIBUTION 

Hydras probably use many microcrustaceans for 
food, as well as larger plankters, but observations 
in Kirkpatricks Lake were limited to the larger 
forms. When hydras were observed with food in the 
gastrovascular cavity, it was usually one of the crus- 
tacean plankters. For quantitative determinations of 
plankton crustaceans collections were made with a 
Kemmerer water bottle, taking 20 liters at each 
level. Collections in the undercuts were by use of a 
wide-mouth, glass-stoppered, one-liter bottle; since 
the latter was filled by inflowing water, with stream- 
ing and probably loss of some motile plankters, this 
method was short of the requirements for good 
sampling. All collections were concentrated with No. 
20 silk plankton net, then diluted to 100 ec. after 
adding formalin. Counts were made in 5 e.e. of the 
concentrate, thus giving directly the number of or- 
ganisms per liter of the original lake water. In some 
sases, all crustaceans in 20 ¢.c. of concentrate were 
counted, 

The organisms counted included the following gen- 
era: Cyclops, Daphnia, Diaphanosoma, Bosmina, 
Canthocamptus, Ceriodaphnia, Simocephalus, Pleu- 
roxus, Kueypris, and Chydorus. Nauplii were counted 
also and included in the totals (Figs. 18, 19, and 20). 

From the surface, to a depth of 0.3 meter, there 
was no significant difference in the number of crus- 
taceans present during the summer and other seasons. 
Individual data for winter months indicate 
that there were then more organisms than in summer 


some 


when hydras were present. The first 0.3 meter of 
water apparently has enough food throughout the 
year. The number of crustaceans per liter at 0.6 


meter in water 1.2 meters deep was always signifi- 
cantly smaller than in the first 0.3 meter. Also, this 
number varied from one part of the year to the 
other. From June to the end of October, the mean 
number of plankters was 43; from November to the 
end of February, 68; but from March to June again, 
the average was only 15. During the last period, the 
hydras were on the lower ends of tree stems at a 
depth of 50 to 70 em. The mean numbers of hydras 
present on the willow twigs at this level was 12 (Fig. 
11), and other twigs carried comparable populations. 
Possibly 15 crustaceans per liter is not sufficient food 
for such a population of hydras. 

In water 0.6 meter deep just above the bottom, the 
crustaceans were only 16 per liter between June and 
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Fig. 18. Average numbers of crustaceans per liter 
at three depths in Kirkpatricks Lake, 1948-49. 
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Fig. 19. Average numbers of crustaceans per liter 
above the bottom at 0.6 meter depth in Kirkpatricks 
Lake, 1948-49. 
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Fic. 20. Average numbers of crustaceans per liter 
in undereuts in Kirkpatricks Lake, 1948-49. 


the end of August (Fig. 19). After the leaves of 
trees began to gather on the bottom at this depth, 
the number of plankters increased and, between 
September and the end of March, the mean was 43 
per liter. From April to the middle of June, they 
numbered only 9 per liter. In January 1949, the 
mean number of hydras per square meter of bottom 
was 280 (Fig. 8). In January 1950, bottom transects 
showed that most of the hydras on the bottom were 
in 0.6 meter of water (Fig. 13). By March, this num- 
ber has declined considerably, but there were prob- 
ably far more hydras than the food immediately over 
the bottom can support. The number of crustaceans 
above the bottom in 1.2 meters of water is small the 
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year around, only 10 per liter, probably too few to 
support many hydras. No hydras were found at this 
depth during the summer, but in January 1950 there 
were 150 per square meter (Fig. 13). 

In the undercuts, the crustaceans varied greatly 
from one sampling to the next. Their number was 
always fairly large (average, 38 per liter) except 
from the end of March to the end of June when the 
average was only 7 per liter. The undercuts are 
populated with hydras from October until June (Fig. 
7). When hydras begin to appear in the undercuts, 
the average of plankters is about 60 per liter. This 
is probably a satisfactory food supply judged by 
comparison with the number of crustaceans at other 
levels in the lake when hydras are present. During 
the latter part of residence of hydras in undercuts, 
the number of crustaceans (7 per liter) is probably 
too small. 

During greatest abundance of hydras, they are 
found mainly in the upper 0.3 meter of water on 
Dianthera and submerged twigs, where there is suf- 
ficient food throughout the year. After autumn 
frosts kill the Dianthera, hydras are on the bottom 
and in undereuts. They remain on twigs throughout 
the winter, but gradually migrate during January 
and February to the lower end of the stems and re- 
main there until late in June. During late winter 
and early spring, hydras on the bottom, in the under- 
cuts, and on twigs are either translucent or occa- 
sionally very dark in color, and the gastrovascular 
cavities are filled with organic detritus. Under the 
microscope, the translucent forms do not appear to 
have complete cell layers. The endoderm, in partic- 
ular, appears ragged and incomplete. When the silt- 
filled animals have been kept in an aquarium long 
enough to empty their cavities, they also appear un- 
like normal healthy specimens and are not budding; 
this is the period of minimum population (Figs. 7 
and 8). At this time there is little food and the 
hydras apparently are starving. If some of them are 
placed in balanced aquaria, the more translucent 
individuals are unable to take food and finally dis- 
appear. The less translucent hydras, apparently not 
so completely starved, will take food and, after sev- 
eral weeks, begin to bud. 

Tannreuther (1909) indicated that starvation leads 
to absorption of the body cells. Miller (1936) stated 
that hydras may exhaust their food supply locally. 
This may be one cause for disappearance of plank- 
ters in the undercuts, together with natural fluctua- 
tions of these food organisms during this season. 
Miller found hydras in the spring of the year in 
Douglas Lake which were small, showed granules 
in the endoderm cells, and not budding. Crustaceans 
possibly were in low numbers locally and he con- 
cluded there might be some starvation. 

The reduced numbers of crustaceans available for 
food in areas of Kirkpatricks Lake where hydras are 
found in late winter and spring are apparently one 
important factor in reducing the number of hydras. 
As previously pointed out, however, the water tem- 
perature is significant in reduction of population size 
during late fall and early winter, 
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PLANTS IN RELATION TO OCCURRENCE AND 
DISTRIBUTION 

Whenever hydras are studied in their natural habi- 
tats, their relation to the plant life is always a sub- 
ject of attention. Welch and Loomis (1924) and 
Miller (1936), in studies of P. oligactis in Douglas 
Lake, gave much attention to hydras on the bulrushes 
because these plants are the most numerous and most 
used supports. 

In Kirkpatricks Lake, the most obvious support 
for hydras during summer and fall is the emergent 
Dianthera. Submerged twigs also serve, but, unlike 
Dianthera, are used throughout the year (Fig. 7). 
The stems of most kinds of trees and shrubs in the 
lake had hydra populations, except oaks and syca- 
mores (Table 9). Syeamores have an occasional hy- 
dra (one to four in periods of maximum popula- 
tions), but none were found on oaks. The latter two 
need not be attached to the plants, because twigs of 
syeamores and oaks placed upright in an aquarium 
containing many hydras were not used as supports. 
In Kirkpatricks Lake oak and sycamore stems were 
usually clean of other organisms besides P. oligactis. 
A bryozoan (Pectinatella magnifica) was found on 
every kind of twig, post, or stump except sycamore; 
it was rare on living oak twigs, but on a dead oak 
in the lake, there were large colonies each year. 

Edmondson (1944) has reviewed the literature on 
substrate preference by various sessile organisms. 
He found that certain substrate plants are definite 
requirements for some species of rotifers; also, some 
rotifers apparently were affected by the development 
of pectins in plant cells. Young (1945) observed 
that equal numbers of hydras were not found on all 
kinds of dead twigs in water. Specific information 
as to numbers was not given for the hydras, but, 
for the production of periphyton in general, aspen 
twigs had the greatest numbers, followed by oak, 
alder, and maple in descending importance. 

It has been impossible to learn why hydras avoid 
oaks, but tannins in the bark may be poisonous to 
hydras just as they are to some insects and fungi. 
Even areas around oak twigs seem avoided by hy- 
dras, as none gathered on glass plates placed among 
these twigs. This is also true amid sycamore twigs 
for reasons unknown. Some condition of bark sur- 
face, perhaps its smoothness, may be involved. 

The plant area selection in Kirkpatricks Lake is 
very clearcut, and the areas of heaviest populations 
are at the same level during the summer whether one 
is considering D. americana (Table 4, Fig. 10), twigs 
occupied by hydras (Table 5, Fig. 11), or artificial 
supports (Table 6, Fig. 12). The area of heaviest 
population is at the 10 to 15 em. level below the 
surface. 

Since Kirkpatricks Lake is shallow, one might ex- 
pect the hydras to be uniformly distributed along 
the stem below the level of wave action. If trans- 
pareney of the water were high, their distribution 
should be almost uniform. However, the transpar- 
ency is poor at most seasons, and the bottom usually 
cannot be seen at a depth of 0.6 meter. Secchi dise 
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Fig. 21. Annual cycle of mean Secchi dise readings 
in Kirkpatricks Lake during 1949. 


readings were taken at least once a month during 
1949 under standard conditions (Fig. 21) and 
ranged from 0.3 to 0.9 meter. The low transpar- 
ency is caused mostly by silt from the shallow ends 
of the lake. Since hydras react somewhat positively 
to light, they tend to take positions up toward the 
water surface. 

Miller (1936) investigated the action of waves on 
hydras in Douglas Lake where the first 8 to 10 em. 
of bulrush stems were free of hydras, possibly be- 
cause of wave action. After days of calm, the por- 
tion under the surface lacking hydras was reduced 
to 3 em. Young (1945) substantiated the work of 
Miller on wave action. Miller also observed a portion 
at the bottom of the bulrush stem of 8 to 10 em. 
which was free of hydras; he thought that this 
might be due to bottom materials being stirred up 
frequently and making this area unfavorable. Wilson 
(1891) showed that hydras react positively to light. 
Welch & Loomis (1924) studied the effects of light 
both in the aquarium and in the field, concluding 
that hydras react positively to light with a limited 
negative response to direct sunlight during July. 

Miller (1936) inferred that hydras were uniformly 
distributed along the bulrush stem except for 8 to 
10 em. at the top and bottom. If the only influences 
on this vertical distribution are wave action at the 
surface and the positive reaction to light of the 
hydras, then the difference in the distribution in 
Douglas Lake and in Kirkpatricks Lake must depend 
on the transparency of the water. Welch and Loomis 
(1924) state that the transparency of the water in 
Douglas Lake is such that sunlight is reflected from 
the “clean sand bottom” producing “conditions of 
bright illumination.” Hence, all hydras along bul- 
rush stems are favorably located as to light, and 
there is no tendeney to gather in greater numbers 
below the zone of wave action. In Kirkpatricks Lake 
the transparency is so poor that the largest numbers 
are found as close to the surface as they can attach 
below the small zone of wave action. Those few at 
greater depths may have moved because of crowded 
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conditions above or because of other factors not yet 
understood. 

The presence and location of plants as supports 
cannot be underestimated in a consideration of the 
distribution of hydras in Kirkpatricks Lake. D. 
americana and the submerged twigs are the most 
favorable supports in summer. When the Dianthera 
plants disappear, the twigs still serve (Figs. 7 and 
11). The number of hydras on the bottom is in- 
creased during and after the disappearance of the 
Dianthera (Fig. 8), and, even on the bottom, more 
hydras are found in the 0.6 to 0.9 meter depth where 
most of the leaves from trees have fallen (Fig. 13). 
Despite the fact that there is little light in the under- 
cuts, hydras migrate to roots in these protected areas 
during the winter and spring (Fig. 7). 

COMPETITION FOR SUPPORTS 

Competition for supports between hydras and other 
organisms in Kirkpatricks Lake was not critical at 
any time. When competition did occur, it was stud- 
ied, but in no instance was it enough to alter per- 
manently the character of the hydra population. 

PARASITES 

None of the usual parasites (Miller, 1936) were 
seen on Pelmatohydra oligactis in Kirkpatricks Lake. 
Hydramocba hydroxena appeared in great numbers 
during the summer of 1949 on Hydra vulgaris, and 
the ‘whole population of this hydra species disap- 
peared within 30 days, apparently due to the action 
of the amoeboid organism. After the hydras disap- 
peared, the parasite was not seen again. Neither this 
parasite nor any of the other hydra parasites were 
found at any other time. 


DYNAMICS OF THE POPULATION 


REPRODUCTIVE RATE 

It has been impossible to measure directly the 
reproductive rate for any large segment of popula- 
tion of Pelmatohydra oligactis in Kirkpatricks Lake. 
Reproductive rates on single individuals were ob- 
tained (see section on growth). A minimal estimate 
of the reproductive rate in nature for the population 
‘an be made by measuring the maximal rate of in- 
crease in numbers of hydras, using the method sug- 
gested by Edmondson (1946). A rather rapid in- 
crease in numbers in Kirkpatricks Lake takes place 
between the first of June and the end of October. 
When the population is increasing most rapidly, the 
death rate is probably at a minimum relative to the 
reproductive rate. Therefore, the maximum rate of 
inerease can be taken as a measure of the reproduc- 
tive rate at that time. 

The increase in number of hydras per liter per 
day was obtained from the graph of hydras per liter 
as calculated from transects through Dianthera beds 
(Fig. 6). This number was divided by the mean num- 
ber of animals per liter at the point measured. The 
result, multiplied by 100, gave the relative daily per- 
centage increase in the size of the population, The 
rate of net increase, as determined by this method, 
is 6.1 per cent per day. Since much of the popula- 
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tion is on Dianthera during the period of maximum 
productivity, this rate of net increase of 6.1 per cent 
per day is significant for the population as a whole 
during the period from June through October. 

An average of three days is required to produce 
one animal during the latter part of June and the 
first part of July when productivity is at a maximum 
(Table 13). P. oligactis in Kirkpatricks Lake pro- 
duces relatively few buds at a time (two at the 
most), and this rate of increase seems considerable. 
These animals live a long time and they bud often. 
For every thousand hydras in the lake, there would 
be 1061 at the end of the first day, 1126 at the end 
of the second day, 1808 at the end of the tenth day, 
and the number would have increased to 2289 hydras 
at the end of two weeks. 

There is no immediate levelling off of the popula- 
tion after the period of maximum production in late 
June and early July. The population continues to 
increase until the latter part of September in the 
vicinity of the Dianthera (Fig. 6). Then there is a 
decrease in the population that continues until the 
beds are destroyed by frost. On willow twigs (Fig. 
7) the increase continues about as long as on Dian- 
thera; there is a short period of no evident decrease, 
but a steady decrease to a minimum occurs, although 
the minimum population on twigs is not reached 
until late in winter. 

The decrease of hydras on Dianthera and willows 
might be due in part to continued production and 
consequent crowding of supports since, with the re- 
duction of the hydras in these habitats, there is an 
increase in their numbers on the bottom (Fig. 8) and 
in the undercuts (Fig. 7). The maximum number in 
the latter locations is reached by late December or 
early January, and a gradual reduction to a mini- 
mum population then occurs. A reduced productiv- 
ity due to other factors than crowding appears to 
be responsible. Long continued winter temperatures, 
around 45° F., have the effect of reducing hydra 
populations. Food is apparently also a factor con- 
tributing to reduction since there are lesser numbers 
of crustaceans available in the areas of the lake 
where hydras are found in the late winter and early 
spring. 

GrowTH RATE 

All studies in this present investigation concerning 
the speed of growth of Pelmatohydra oligactis were 
made on animals in aquaria. Small, balanced aquaria 
were maintained in a relatively stable condition, and 
into these were placed single hydras just beginning 
to bud. For the first twenty-four hours of budding, 
the hydras were examined every four hours. There- 
after they were measured at the end of each 24 hour 
period. While the buds were still small, each parent 
hydra was placed on a slide with a sufficient amount 
of water, and the growth measured with an eyepiece 
micrometer after the bud had expanded. When the 
bud had become too large to measure under a micro- 
scope, its length was taken with a narrow millimeter 
rule. If the parent hydra was disturbed by the proc- 
ess of measuring, it was allowed to expand naturally, 
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and the length of the bud recorded a few minutes 
later. 

Only the body length of the bud was recorded, the 
length of the tentacles not being used because of the 
irregular development of these structures in P. oligac- 
tis (Hyman, 1930). Tentacles opposite each other start 
to grow before any others, followed by a third be- 
tween the two. When a bud is detached from the 
parent, it may have only two tentacles, although 
three or more are usually present, the two first 
formed being the longest. The length of the bud 
was not recorded after its detachment, but its length 
and age were recorded at the time it, in turn, began 
to form buds. 

Growth during the first 16 hours was relatively 
slow, approximately 0.025 mm. per hour (Fig. 22). 
During the next 8-hour period, or until the end of 
the first day, there was a sharp acceleration to 0.20 
mm, per hour. Thereafter a steady increase was 
observed in length of buds at about 0.100 = mm. 
per hour until a mean length of 12.1 mm. was 
reached at the end of the fifth day, when the buds 
usually were detached. Between the fifth and the 
eleventh day, the growth rate of the newly detached 
individuals slowed to an average of 0.034 mm. per 
hour, and by the end of the eleventh day the animals 
reached a mean length of 17 mm. at which time they, 
in turn, began to bud. After budding commenced, 
there was no further increase in body size of the 
parent hydras. 

Studies of budding of P. oligactis in Kirkpatricks 
Lake were made by means of glass plates and fun- 





nels in an attempt to determine the time required 
for hydras to form and detach buds. This was done 
by removing the plate from the lake late in the after- 
noon and placing it in a small aquarium where a 
pipette was used to remove all hydras except those 
which (by a small swelling on the body) indicated they 
were beginning to bud. The plate then was returned 
to the lake. It could be removed each day (morning 
and afternoon), and the number of hydras which 
had finished budding since the prior examination 
recorded. Frequent moving of the plates resulted 
in the loss of a few hydras, but in most cases they 
could be followed to the completion of budding. 
Plates were used also with newly detached hydras 
to determine the length of time before they start 
budding. Hydras were collected immediately upon 
detachment and placed in a small aquarium filled 
with lake water. Plates were suspended in the aquar- 
ium, and the hydras were allowed to attach. The 
plates then were carefully removed to anchored posi- 
tions in the lake. Their progress could be followed 
by several examinations daily. 

The most important disadvantage in the use of 
glass plates was the loss of hydras due to frequent 
moving of the plates for examination. During the 
summer of 1949, funnels four inches in diameter 
(with a large stem diameter) were suspended on 
ropes. The rope was passed through the stem and 
knotted to hold the funnel with the mouth down- 
ward. One or more hydras were placed in the funnel 
while submerged in an aquarium, and a piece of 
Elodea added for support; the mouth of the funnel 
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was covered with No. 20 mesh copper screen fast- 
ened with strong flexible wire. The funnel was then 
lowered into the lake at the desired position. In 
aquarium studies it was seen that hydras did not tend 
to press their way through the wire meshes. In- 
dividuals newly budded off also remained in the fun- 
nel after detachment. The copper screen did not 
inhibit small plankters, and food was frequently ob- 
served in the gastrovascular cavities of the hydras 
or caught on the tentacles. Fouling of the containers 
by phytoplankters was negligible. After some ex- 
perience it was found that funnels were excellent 
for the lake studies with individual hydras. Large 
numbers could be kept in bigger funnels. 

Hydras were placed in a funnel on the day that 
they were detached and followed by several daily 
observations until buds started to form to learn how 
long it takes a newly detached hydra to begin form- 
ing buds. To obtain information as to the number of 
days required for a bud to form and be detached, 
hydras just starting to bud were placed in funnels 
and observed daily. The numbers of buds formed 
weekly by an individual under normal lake condi- 
tions was easily learned with the use of funnels. One 
newly detached hydra was placed in a funnel and 
observed once a week. The number of buds formed 
in that period was recorded and the buds removed. 
The funnel containing the parent hydra then was 
returned to the lake. 

Beginning in June and continuing through the 
first two weeks in October, most of the buds are de- 
tached in three days (Table 13). During the last 
part of September and the first part of October, there 
is a significant increase in the number of new hydras 
detached in two days. From the last part of October 
until the end of February the time until buds are 
detached gradually increases to 12 days. Due to un- 
settled weather conditions and the small numbers of 
hydras in the lake, no data from the end of Febru- 
ary until June were obtained. 

The longer development time in the late fall and 
winter affects the individual hydras in several ways. 


TABLE 13. Percentages of buds requiring various 
numbers of days to be formed, from time of first ap- 
pearance until day of detachment. 
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Dec. 16-31...]...]...]...]...]...120 [20 [41 15 | 4 
Mem eO. .. 1. sde odes cds codes doa cl-. Fe FOE TOU 
Jan. 16-31 .| 2 47 |38 |13 
Feb. 1-15.... .. 126 [34 |28 | 12 
Feb. 16-28... 2 |17 |21 | 60 
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Table 14 shows the number of buds present on 50 
hydras collected at random each month during the 
year. During June, July, and August most hydras 
had only one bud, but in September to November, 
many hydras had two or three buds. The number of 
hydras with two or three buds increases each month 
until, in April, none has only a single bud. If the 
development time is long, new buds apparently are 
formed on the hydras despite the fact that the older 
buds have not been detached. From these data it 
appears that hydras with large numbers of buds are 
not necessarily adding individuals to the population 
as rapidly as those with only one bud at a time. 


TABLE 14. Number of buds on hydras collected at 
random in Kirkpatricks Lake; 50 hydras in each sample. 




















Month | Hydras | 

1948-49 | with buds | One bud | Two buds |Three buds 
aS |e ae PS) |S TS ee ee ee 
ee 46 39 rf 0 
Re 47 40 7 0 
August. ; 46 38 7 1 
September. . . 45 31 11 3 
October..... 48 20 12 6 
Noverber. . . 49 18 15 16 
December... . 49 9 13 27 
January..... 47 6 14 27 
February... . 36 3 8 25 
March...... 2 2 8 10 
April... 12 0 4 8 
| ee 0 

| 

This was substantiated by the data from funnel 
studies. 


From August 1949 until the middle of February 
1950, a series of individual hydras were kept in 
separate funnels in the lake. Once each week the 
buds detached from the parents were removed and 
counted (Table 15). From August 14 to October 2 
there was a gradual increase in the mean number 
of buds produced, followed by a gradual decrease to 
February 14 at which time only one third of the 
hydras under observation had detached a bud in the 
preceding week. From December 26 to the end of 
the observations most of the hydras in the funnels 
had three buds attached. 

The period required for a newly detached hydra 


Taste 15. Mean number of buds produced per week 
on hydras in glass funnels. 











Week Week Week 

ending Buds ending Buds ending Buds 
1949-50 1949-50 1949-50 
Aug. 14 3.25 | Get. 23 | 3.28 | Jan. 3| 1.1 
Aug. 21 3.25 | Oct. 30 | 3.10 | Jan. 10| 0.63 
Aug. 28 3. Nov. 6| 3.10 | Jan. 17 | 0.63 
Sept. 4 3.58 —FNov.13 | 2.72 | Jan. 24 | 0.43 
Sept. 11 3.75 | Nov.20| 2.18 | Jan. 31] 0.43 
Sept. 18 4.0 Nov. 27 | 2.0 Feb. 7} 0.48 
Sept. 25 4.45 | Dec. 4] 1.65 | Feb. 14] 0.33 
Oct. 2 4.55 | Dec. 11 1.65 
Oct. 9 3.64 | Dec. 18 | 1.8 
Oct. 16 3.73 | Dec. 26 | 1.22 
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TABLE 16. Days required for newly detached buds to 
form buds themselves (as percentage of animals bud- 
ding). 














ry te eS a ee ae 

Days 1 2\3/4|5/6 7/8 | 9/10) 11 
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|. ROSE een . af... (68 [29 | 3 
Ce ...| 2 |73 119 | 6 | | | 
September...... ...{ 3/71 23) 3) | mm 
Oct. 1-15. ...... ..s[oose joe | Oo] | | 
Get. 16s. ....21...].. Jor (A 12 | } | 
Nov. 1-15 veeafee [ee fe. 188 [88 [24 | 
Nov. 16-30...... Be are eek eee et J 
Dee. 1-15....... TAT Rr Me Se 
Dec. 16-31...... aliucte« < Ae colss ole so] Ae IO 
January, 1950...|.../...|...]... J...J...]..-]--.[47 [35 | 18 
ieee hacia ae Ga Os Re Cs a CC il 














to mature and in turn to form buds is shown in 
Table 16 expressed in percentage of animals budding. 
During June, most of them bud in three to four days 
and from July to early October, most of them begin 
to bud in three days. From the last half of October 
until the end of February there is an increase in the 
required days to 10 and 11. No data were obtained 
between the end of February and the end of May, 


but the time interval apparently increases until no’ 


new buds are formed. In May, of 50 hydras col- 
lected, none was budding (Table 14). 

No sexually mature hydras were seen in Kirk- 
patricks Lake although some from the lake occa- 
sionally became sexually mature in aquaria and 
formed spermaries and ovaries. 

The above data indicate one aspect of the seasonal 
population growth pattern for P. oligactis in Kirk- 
patricks Lake. The length of time for detached 
buds to mature increases with the season. At the 
same time, the individual buds take longer to de- 
velop on the parent and do not drop off. Conse- 
quently, hydras are added to the lake population at 
a decreasing rate in the late fall and winter. There 
is no evidence of any budding during spring. Con- 
versely, the more rapid growth rate of buds on the 
parent and their more rapid rate of maturing from 
June through the first part of October produces the 
maximum increase of population. 

Laboratory and field studies conducted elsewhere 
on budding rates have been reviewed by Miller 
(1936). From these studies, the following may be 
cited as most pertinent: Boecker (1918) pointed out 
that the presence of buds is no indication that active 
budding is going on in hydras. Miller (1936) fol- 
lowed the increase of hydra populations by budding 
in Douglas Lake, Michigan, finding there was an in- 
crease until November and no increase from Novem- 
ber to May. The number of budding individuals was 
smaller also in the late winter and early spring. He 
associated this reduction of budding forms, in part, 
with the fact that male hydras which had produced 
spermaries did not bud again until spring. Turner 
(1949) suggested that the presence of numerous 
buds on P. oligactis is under the most favorable con- 
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ditions in aquaria. This does not seem to be true in 
Kirkpatricks Lake, but much that has been learned 
about hydras in aquaria is not true in field studies. 


ESTIMATE OF PRODUCTIVITY 


Although Pelmatohydra_ oligactis is present 
throughout the year, there is no seasonal period 
when an accurate count of the total number of or- 
ganisms which have come into existence during a 
known interval of time can be made for the entire 
population. It is possible to obtain information of 
th's nature for individual hydras, and such data have 
been presented in a consideration of reproductive 
rate. 

During the summer the supports most used by 
hydras are the beds of Dianthera americana. An 
estimate of productivity expressed as the mean 
summer standing crop may be obtained from the 
number of hydras per liter of lake water in the 
vicinity of these beds. The figure for this crop was 
obtained in two ways. Since the volume of each 
quadrat in Table 1 was known as also the number 
and location of the plants occupied by hydras in 
each quadrat, the volume of this portion of the 
quadrat was computed and the number of hydras 
per liter of this lake volume was determined. From 
this information, a mean summer crop of 205 hydras 
per liter was ealeulated. Another estimate was ob- 
tained from the transect data in Table 2. The vol- 
ume of lake water occupied by the plants in each 
transect and the number and location of the plants 
actually having hydras on them was known for each 
transect, hence the volume of water around the 
latter plants was determined and the number of 
hydras per liter in the volume of water was caleu- 
lated. The mean crop by this method is 194 hydras 
per liter of lake water. Using the chi-square test, 
there is no significant difference between the crops 
as determined by these two methods. Since such a 
large part of the hydra population is found on the 
Dianthera plants during this season, this gives a 
reliable estimate of productivity during the summer 
season. 

To gain an adequate concept of the standing crop 
of hydras for Kirkpatricks Lake, quantitative eal- 
culations should be based on year-round sampling. 
Since the standing crop of D. americana is essen- 
tially zero in the late fall, winter, and early spring 
months, the crop of hydras ean bear no relationship 
to the plants during these seasons. The submerged 
twigs of trees carry hydras throughout the year, and 
the mean annual standing crop as determined by 
sampling methods used with twigs is 4 hydras per 
square centimeter of twig surface. Marked variations 
in the standing crop of hydras oceur during the 
year, but this mean is a general index which reflects 
the sum total of the biological potentialities and the 
ecological conditions obtaining in Kirkpatricks Lake 
so far as the hydras are concered. The mean annual 
standing crop on the bottom, although based on few 
samples, is 106 hydras per square meter. This may 
appear to be a large number per square meter of 
bottom, but the mean annual standing crop on twigs, 











66 Rosert R. BryDEN 


expressed in square meters, is 40,000 hydras per 
square meter of surface. 
DurRATION OF LIFE 

In 1936, Pearl and Miner presented a complete 
life table for Hydra fusca (P. oligactis) based on 
data for life durations given by Hase (1909). The 
mean duration of life for P. oligactis was computed 
as 54.89 days. Hase used containers of only 80 
c.c. volume for his hydras, the ejected and unused 
dead Daphnia were not removed, and there was ap- 
parently no plant life in the containers. Even under 
such poor conditions, some hydras lived 112 days. 
Pearl and Miner pointed out that they accepted the 
work as given, and that the tables and curves pre- 
sented “make no pretense of stating any ‘laws’ 
of life.’ From Pearl and Miner’s list of death 
factors, one would conclude that the factor respon- 
sible for death is “immediately lethal accidents” and 
that the fundamental variable involved is the en- 
vironment. 

No information on death rates was obtained in 
Kirkpatricks Lake, but the author has raised hydras 
in aquaria for several years and followed their 
length of life as closely as possible. Each aquarium 
(approximately 250 ¢.c. capacity) had a sandy bot- 
tom and contained a twig of Elodea. A small piece 
of bath sponge was placed on the bottom, and any 
algae which grew collected on the sponge instead of 
the sides of the aquarium. An individual hydra was 
placed in each aquarium immediately after being 
detached from its parent. As the hydras produced 
buds, they were removed. In no case, did a Pelmato- 
hydra live less than three months and many lived 
more than a year. Depression was never observed, 
and the hydras that disappeared seemed to disin- 
tegrate suddenly within one day. In each case in 
which a hydra “died,” the aquarium showed signs 
of becoming unbalanced and turbid. Chemical tests 
of the water, taken at regular intervals, showed 
changing chemical conditions when the hydras d's- 
appeared. One hydra lived for 50 months and pro- 
duced 385 buds. Goetsch (1922) reported various 
species of hydras living for long periods (six months 
for Pelmatohydra and longer for others) in balanced 
aquaria. He concluded that a necessary senility time 
for hydras was not known, and probably several 
years were involved. 

Obviously there is an environmental death rate 
which does not involve senility in any natural habitat. 
This rate could not be determined for the hydras 
in Kirkpatricks Lake by the methods employed. 
Contributing factors for the environmental death 
rate have been pointed out. 

SUMMARY AND CONCLUSIONS 

A study of Pelmatohydra oligactis was made in 
Kirkpatricks Lake, Wilson County, Tennessee, from 
September 1947 to January 1950. The purposes 
were to learn (1) the vertical, horizontal, and sea- 
sonal distribution of hydras in the lake; (2) the 
movements of individuals and populations; (3) the 
factors which might be responsible for the form and 
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distribution of the populations; (4) population dy- 
namics, involving rates of growth and reproduction; 
and (5) an estimation of productivity. 

Data are presented concerning the quantitative sea- 
sonal distribution of P. oligactis. Hydras are pres- 
ent throughout the year, the largest populations oc- 
curring on Dianthera americana and submerged twigs 
during summer and early fall. The populations on 
the Dianthera disappear with the death of the plants 
after the first killing frost, but those on the twigs 
remain throughout the year, diminishing in the winter 
and reaching a minimum in late spring. The lake 
bottom serves as a habitat for hydras throughout the 
year with a maximum population in late December 
and January when the population elsewhere is at a 
minimum. Undereut areas along the shore provide 
protection for the hydras and are inhabited during 
the fall, winter, and spring. There is a general de- 
cline in the number of hydras in all habitats during 
February, Mareh, April, and May. 

A similar vertical distribution of the hydra popu- 
lation during summer and early fall is found on 
Dianthera, submerged stems of trees, and on artificial 
supports plates) suspended in the water. 
There is a zone of heavy population between 10 and 
15 em. below the surface. Immediately above and be- 
low this zone there are fewer hydras, with usually no 
individuals above the 5 em. mark and none below 
45 em. An exception was found in undercut shore- 
line areas where no apparent vertical concentrations 
were The differential vertical distribu- 
tion is brought about by wave action at the surface 
and by the low transparenev of the water, since 
hydras react positively to light. This distribution 
can be duplicated in aquaria by reducing the amount 
of light entering the aquaria from the sides and with 
the proper fabrication of wind action. During the 
l*t2 fall, winter and early spring, the hydras on the 
twigs are found crowded at the end deepest in the 
water. 

The horizontal distribution of the hydra popula- 
tion in the lake is related to the plant life and the 
bottom. Plants toward the inside of the Dianthera 
beds do not have hydras on them due to the local 
conditions of stagnation within the beds. Although 
most of the submerged tree twigs support hydras, 
there are none on oak twigs and few on sycamore 
twigs. Hydras always oceur on the bottom, but 
never beyond a depth of 1.5 meters. There are more 
hydras on a leaf-covered bottom than on silty bottom. 

The chemical conditions in Kirkpatricks Lake do 
not influence the abundance of hydras directly, but 
the data, along with laboratory studies, indicate that 
further investigation of this subject should be under- 
taken. 

Winter low temperatures in Kirkpatricks Lake 
rarely drop below 40° F. Long-continued periods 
of temperatures around 45° F. have the effect of 
reducing the hydra populatiors. Laboratory studies 
combined with lake observations indicate that, in 
water at or below this temperature,, buds at first 
mature more slowly, then the hydras cease budding, 


(glass 


observed. 
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and finally the hydras show evidence of cellular 
breakdown. 

High summer temperatures, with no minimum be- 
low 85° F. for three weeks, did not cause any reduc- 
tion of the hydra population. In fact, such long- 
continued high temperatures may be responsible for 
the large size of the population in late summer. 

There are apparently sufficient quantities of plank- 
ton crustaceans available as food for the hydras 
in places they inhabit in summer, fall, and early 
winter. During the late winter and early spring, 
there is a little plankton food in the habitats of the 
hydras, and the latter appear to be starving. Lack 
of sufficient food and low winter temperatures are 
apparently responsible for the reduction of the 
hydra population. 

Competition for supports is not keen, so far as 
the hydras are concerned, in Kirkpatricks Lake. If 
another organism grows over a support, the hydras 
leave temporarily and return when the life cycle of 
the intruder is completed. There is no evidence that 
parasites are of any importance in reducing the 
population of P. oligactis in the lake. 

The reproductive rate of P. oligactis was not 
measured directly for any large segment of the lake 
population, but the minimum rate was determined at 
the moment when the population was increasing 
most rapidly. This caleulation is based upon the 
hypothesis that at the period of maximum rate of 
population increase the death rate from all causes 
is probably small, and rate of increase, therefore is 
a meesure of reproductive rate. This rate of net 
increase is 6.1% per day. 

A growth curve for P. oligactis in aquaria is pre- 
sented. Growth during the first 16 hours is rela- 
tively slow, followed by a sharp acceleration during 
the next 8-hour period. Then there is a steady in- 
crease in the length of buds until detachment. Growth 
slows after detachment until a length of 17 mm. 
is reached. After a parent hydra starts budding, 
there is no further increase in its length. 

Methods for the study of individual hydras held 
captive in glass funnels in the lake are presented. 
Individual buds take longer to develop on the par- 
ent and detached buds take longer to mature during 
late fall and winter. Consequently, hydras are 
added to the lake population at a decreasing rate. 
The maximum populat‘on increase from June through 
the first part of October is caused by the more 
rapid growth rate of buds on the parents and their 
more rapid rate of maturing. There is no evidence 
that hydras are budding in the early spring in Kirk- 
patricks Lake. 

The mean summer standing crop is 200 + hydras 
per liter in the vicinity of D. americana beds. The 
mean annual standing crop of 4 hydras per sq. em. 
of twig surface is rather large as compared to only 
106 hydras per square meter of bottom. These stand- 
ing crops are a general index of the ecological con- 
ditions in Kirkpatricks Lake so far as the hydras are 
coneerned, 

Factors contributing to the environmental death 
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rate have been pointed out in this paper, but the 
natural senility time for P. oligactis is still unknown. 
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